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NEW FUNCTIONAL BACILLUS THURINGIENSIS HYBRib GENES 
OBTAINED BY IN VIVO RECOMBINATION 



5 Bacillus thurlnglensis is a spore-forming bacterium 
which, upon sporulation, produces an insecticidal 
parasporal crystal. Many Bacillus thuringiensis 
subspecies have been isolated and the vast majority 
of the strains which have been tested have shown 

10 specific activity only against larvae of Lepidopteran 
insects such as Manduca sexta . Hellotis Viresceiis and 
Trichoplusia ni. Of the Lepidopterans , not all are 
equally sensitive to Bacillus thuringiensis For 
example, Spodoptera species tend to be Relatively 

15 insensitive. 

The Lepidopteran specific Bacillus tfiuringlensis 
strains have been categorized according to; flagellar 
serotype, crystal serotype as well as activity 
spectrum against various insects (Dulmage, 1981) . 

20 Among the better studied varieties of iiepidopteran 
specific Bacillus thuringiensis are B > t . kurstaki HDl 
which is the strain used in "Dipel", B.t. HD 73, B, t, 
dendrolimus , B > t > sot to , B> t . Berliner . 
In recent years, new types of Bacillus thuringiensis 

25 with novel insecticidal specificities have been 
discovered. B.t. israelensis is toxic to larvae of 
several Dipteran species (mosquitoes and black 
flies), but not to Lepidopteran larvae (Goldberg and 
Margaht, 1977) . More recently, two Coleojiteran 

30 specific strains, B.t. tenebrionis and B. t. San 
Diego, which later were shown to be the same strain 
(Krieg et al. , 1987) , have been described (Krieg et 
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al., 1983, Krieg et al., 1984; Herrnstadt et al., 
1986) . These strains have shown activity against 
Colorado potato beetle and other Coleopteran pests. 
The entomopathogenic activity of the Bacillus 
5 thurinqiensis parasporal crystal is due to its 
composition: in the case of the Bacillus 
thurinqiensis subspecies specifically active against 
Lepidopteran larvae, it is composed of 130 to 160 
Kdal protoxin polypeptides. Different subspecies and 
10 often individual strains of the same subspecies 
produce endotoxins having a characteristic spectrum 
of insect toxicity (Whiteley and Schnepf . 1986; 
Andrews et al., 1987). 

For many years Bacillus thurinaiena i a has served as 

15 the basis of successful biological insecticides. To 
produce these insecticides. Bacillus thurinaiensig is 
fermented until spores and crystals are obtained. The 
mixture of spores and crystals is then formulated to 
allow effective application on crop plants.. 

20 Current, traditional Bacillus thurinalensi « products 
are in fact an example of classical industrial 
microbiology. These products are created through such 
traditional microbiological practices as strain 
isolation and improvement, and fermentation 

25 optimization. 

Two features of Bacillus thurinqiensis have made it a 
popular and useful insecticide. First, Bacillus 
thurinqiensis is considered extremely safe: it is 
harmless to humans, animals and useful insects. 

30 Second, Bacillus thurinaienaia is a highly specific 
ins cticide: most strains of Bacillus thurinqiensis 
show toxicity to only a single order of insects 
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(Lepldopt ra or Col optera or Dlptera) /. as i^icate^ 
above. 

These features have also made Bacillus ^ thurinoa nsi« 
an attractive target for biotechnology and recently 
5 the new tools of this ntodern technique, such ^^s gene 
cloning and DNA sequencing, have begun to be Applied 
to Bacillus , thuringiensls, thus creating noVel 
Bacillus thurlncrlengia p«»^>^ ^-{/loi ; rrntoinj tjlLh 
either more specificity, wore toxic acfclylty or an 
10 altered rq^ge of toxicity for the host insect. 

The insecticicJal activity of Bacillus thuriiiaier.ni« 
resides in the parasporal , crystal (Angus, ;i954) 
Intact crystals can be isolated f roiri - sporulated 
cultures of Bacill^j3 thurinaienal ft ty 
15 gradient centrif ugation and these isolated^^-^^^^^ 

of the Lepldopteran specific Bacillus thurinaienfiift. : 
variety kurstakl were shown to be compb&bd by^'^protein 
subunits of approximately 130,000 diltons (Biiila et 
al. 1977). In some strains such as • Bacillus 
20 thuringiensls variety kurstakl HD-73 ther^ appears' to 
be a single protein subunit, while in otherls trains 
such as Bacillus thurinalengi a hi?1 th^e appear to pe . 
two or more -very similar proteins .i^j^^^^^^^^ 
(Wilcox et al. , 1986) . , 

25 The 130.000 dal ton protein is considered tpl be ^iv^ 
protoxin because it is to3?ic to larvae only Wtei- 
Injestlon, but not after injection. The protoxin cart 
be converted to the active toxin by digeBtipn; 
proteas s; and it has also been possible 4a isolate 

30 proteolytic fragments of the^j»rotpxin which- r^^^ 

full toxic activity. • . 

Bulla et al., 1981, found that a 68,p0ft d^^^ ' 

SUBSTITUTE SHEET " ^ 



wo 91/01087 ^ PCr/EP90/01145 

fragment could be derived from Bacillus thuringiensis 
kurstaki crystals upon prolonged incubation of the 
solubilized protein. 

Crystals of the Coleopteran specific Bacillus 
5. thuringiensis strains also appear to be composed of a 
single protein subunit, but of a much smaller size 
than the Lepidopteran protoxin. 

Bernhard, 1986, isolated a 68,000 dalton protein from 
crystals of Bacillus thuringiensis tenebrionis , and 
10 Herrnstadt et al., 1986, observed a 64,000 dalton 
protein from Bacillus thuringiensis San Diego 
crystals. These isolated proteins are toxic upon 
ingestion by sensitive Coleopterans. 

The crystal protein of the Lepidopteran specific 
15 Bacillus thuringiensis var. kurstaki strain, produced 
during the sporulation period, is also known as 
endotoxin, and around 20-30% of the cell protein 
synthetizing activity during sporulation is devoted 
to the production of this toxin. 
20 Much work has recently been directed to the isolation 
and characterization of genes encoding Bacillus 
thuringiensis toxins. The analysis of such cloned 
genes has already yielded important insights into 
toxin structure and function: it has been shown for 
25 example that genes for the crystal proteins are 
located on large plasmid in addition to chromosomal 
DNA. 

Several groups have reported cloning genes for 
Lepidopt ran specific toxins. Most of these genes 
30 have been cloned in cola, either utilizing 

antibodies to purified toxin to detect expression of 
the toxin, or utilizing synthetic oligonucleotide 
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probes bas d on the toxin aminoacid ^seqli'ehc,e to 
detect toxin genes by hybridation. The j^enes cidhed 
include s veral genes from Bacillus t fehurin^iensis 
kurstaki HDl (Schnepf and Whiteley, 1981; Held et 
5 al., 1982; Watrudetal., 19S5; Shiyakumalr' et al . , 
1986; Thome et al., 1986) , and genes from Bacillus 
thurinoiensis kurstaki HP 73 (Adaria et al., .:1985) ; 
from Bacillus thurinqiensia sot to ( ShlSano et- al . , 
1985), Bacillus thuringiensis Berlirter XKlier et al./ 
10 1982; Wabiko et al., 1986), Bacillus thiiriribiensls 
aizawa (Klier et al., 1985) and Bacillus ' 
thuringiensis thurihgiensls (Honiginan et. al. ,1986) . ' 
In general these genes have be$n shown " to e^press^ 
toxin in coli and extracts of^^E. " cdl i harbouring 

15 these genes are toxic to Lepidopteran laLrvae.> 

The cloned toxin genes have been used as irtolecuiar 
probes to deteipmine the toxlA gene number and type of 
many Lepidopteran active Bacillus thuririgiensis 
strains (Krbnstad et al., 1983) . This anal^is has ^ 
20 shown that, while some strains (e.g. ^cillus 

thuringiensis kurstaki HD73) contain 'only a ■ ■ single > ; - 
toxin gene, many otheir strains contain nmltiple^^^ jv^^^ 
genes. Bacillus thuringiensis kurstaki ^flP-l (the 
Dipel strain) has three distinct to3tin gejnes ( Wilcox 
25 et al., 1986). 

DNA sequences and derived aminoacld sequences of the 
toxin proteins have been determined for several of 
these genes. All the genes encode protiSiris of between : 
1156 and 1178 aminoacids whicih ^"are^; ^ 1^^^ 
30 homologous. In some cases genes Isolated froin strain^ 
which had been considered distinct varieti s hav^ 
been found to be nearly identical. For example, the 
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Bacillus thurinqiensls kurstakl HD-i gene sequenced 
by Schnepf et al (1985) is nearly identical to the 
Bacillus thurinaiensig sotto gene of Shibano et al. 
(1985) . Similarly, a Bacillus thurinaienfli a Berliner 
5 gene (Wabiko et al., 1986) is nearly identical in 
sequence to another. Bacillus thurinaiensis kurstakl 
HD-1 gene. On the other hand, a third gene from 
Bacillus thurinaiensig kurstakl HD-1 (Thome et al. 
1986) is clearly different in sequence from the two 

10 mentioned above. 

Cloning and sequencing of the structural genes for 
the protoxin production from distinct strains of 
Bacillus thurinqiensls kurstakl have, therefore, 
revealed that different related genes are responsible 

15 for the synthesis of the crystal protein toxin. These 
differences are evident not only among genes from 
different strains, but also among the multiple copies 
of the protoxin gene in the same strain (Andrews et 
al., 1987). The Jsurstaki HD-1 Dipel protoxin gene 

20 (Schnepf et al. 1985) and the kurstakl HD-73 protoxin 
gene (Adang et al., 198 5) show an homology of 85% at 
the primary DNA sequence level. K-1 type and K-73 
type crystals show distinct toxic activity against 
different insect species (Jaquet et al., 1987). 

25 More particularly, with reference to the present 
invention, comparisons of DNA sequences encoding the 
crystal toxin from distinct strains of Bacillus 
thurinqiensls have revealed the existence of both 
conserved and variable r gions. A close look to these 

30 variable regions has shown that changes are not 
distributed randomly over the whole gene coding for 
the cri::i..l loxin, but that differences among genes 
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are clustered in a hypervariable region (Geiser et 
al. 1986). . 

Only few changes or no differences have been khowiS at 
the N-terminus and the C-terminus of the crystal 
5 protein genes. In fact, from the N-terminus gends 
are nearly identical for approximately the first 330 
aminoacids . Similarly, from about aminoacid 600 
through the C-terminus the genes are largely the 
same. . • ' v 

10 Optimal alignment of the DNA sequences and of the 
deduced polypeptide sequences of thes^r two genes arid 
of other Bacillus thurinqiensis gen^ reveals that 
the differences are clustered in the ;amind terminal 
halves of the molecules i.e. between aminoacid 

15 residues 280 and 640 in the case of HD-i Dipel and;^^^^^^^^^^^^^^^ " 
HD-73 genes. This region, as hereabove meintidried, is 
defined as hyper var labile region isince it shows the' 
maximum of variability (Geiser et al., 1986;^' W^^ 
et al., 1986; Andrews et al., 1987). : 

20 On the basis of published sequences there are at 
least four distinct types of V^Lepidopteran ^^^^ 
which differ sut)stantially in this central iregion. 
Generally, the hypervariable region is, as mefntiohed 
above, in the first half of the protoxin s«^ 

25 This hypervariable region might be the result of 
intramolecular recombination mechaiiiismB between 
similar, but distinct genes. Moreover the clustering 
of the variable subdomains in exact regions^^bf tlie*. 
crystal protein toxin, strongly suggests that ' the . 

30 exchange of hyper variable regions betwe^ n gerieis may 
have caused the larg variability of biological 
activities of different Bacillus' ^ thurinqiensis 
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crystal protein toxins. This variability is important 
in conferring toxic diversity and/or target insect 
range diversity among different Bacillus 
thurinaiensis subspecies. The residual homology of 
5 the hypervariable region (in the case of HD-l/and HD- 
73 reduced to about 60% at the DNA level) should be 
sufficient to promote in vivo recombination. 
A similar approach has been utilized to generate, in 
Escherichia coli, recombinants between human 

10 leukocyte interferon genes (EP 141484) and for 
Bacillus alpha amylase genes {Rey et al., 1985). 
Deletion analysis of Lepidopteran toxin genes has 
allowed the construction of much smaller proteins 
with full toxicity. These truncated genes show full 

15 insecticidal activity only when the entire 
hil)ervariable region is present. 

This analysis has been carried out for the Bacillus 
thurinaiensis kurstaki HD-73 gene (Adang et al., 
1985) , the Bacillus thurinaiensis sotto (Shibano et 
20 al., 1985), two genes from Bacillus thurinaiensis 
kurstaki HD-1 (Schnepf and Whiteley, 1985) and a 
Bacillus thuringiensis Berliner gene (Wabiko et al, 
3986) . 

Since the biological activity and the action range of 
25 the crystal toxin proteins seem to be associated to 
the hypervariable region sequence, and since there is 
a specific need to produce new specific Bacillus 
thurinaiensis toxin, the applicant devised, according 
to the present invention, a novel way of generating 
30 new hybrid genes and corresponding hybrid toxin 
proteins, with potential different toxic sp cificity, 
by modifying the hypervariable regions of the genes 
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encoding the crystal protein toxins J - • ::^^V^ 
Modification of the hypervariable r gibns'" of the 
crystal protein encoding genes could don by site-- ^ 
specific mutagenesis , a - tecbni^tie consisting 
5 basically in introducing specific- nucleotide 
mutations, either substitutions or deletions, in the 
crystal toxin hypervariable gene region, in 6rder to" 
obtain aminoacid substitutions in the polypeptide 
chain encoded by such mutagenized DNA sequence . ^ 

10 This technique, nevertheless, is in general ^ very 
useful and efficient oivly if the molecular me^dhanism 
of action of the protein to be modified is kniiwnv The 
tridimensional structure of the protein" shoiild be 
known as well to be able to forecast what could be"* 

15 the * consequences of the specific aminoacid 
substitutions or deletions in the protein to be 
modified. With reference to this Bacillus 
t hur i nq i en s i s cr y s t a 1 toxin protein there are no dat^-^^ 
available as to its tridimensional structure and this 

20 is due at least to two main reasons: 

1) It is quite difficult to obtain crystals of the 
toxin protein which can be used in a crystallographic 
analysis* 

2) Last but not least, the size of the pbiy^ieptide 
25 chain (135,000 dalton) would make the 

crystallographic analysis very laborious. 
As a consequence, the site-specific mutagenesis does' 
not seem to be very useful in providing an eksy and 
efficient means to obtain new Bacillus thurincyiensis 
30 crystal toxins. 

Another alternative approach could b a mtita^ehesis 
conducted at random on a Baci3^1us< it Ahurin^lensis 
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crystal toxin cloned gene, but this method, lacking 
in specificity, does not seem to be useful to obtain 
new toxins characterized by insecticidal activities, 
since mutations introduced in the toxin gene 
5 according to mutagenesis conducted at random only 
affect a limited number of aminoacid residues. 
There is therefore a specific need to provide an easy 
and efficient method capable of producing new 
Bacillus thurinqiensis crystal toxin by modifying the 

10 hypervariable region of the crystal toxin gene. 

Accordingly, the present invention, by means of an in 
yiyo-recombination process, provides a potentially 
unlimited number of new hybrid genes coding for new 
corresponding hybrid crystal protein toxins having 

15 either different insecticidal activities and/or an 
alter ated* target insect range. 
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The present invention concerns new hybrid l^acillus 
thuringiensis genes, pbtaineii by^^^^ in vivo 
30 recombination, -encodiflg new correspondihg Bacillus - 
thuringiensis hybrid crystal protein 'toxina^^ h 
ith r different insecticldal-¥civiti s amd/br an 
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altered insect host range, 
hybrid 

The new/ Bacillus thurinaiensls genes object of the 
present invention ar obtained, as above mentioned, 
by means of in vivo recombination of the 
5 hypervariable region present in the Bacillus 
thurinqiensis genes coding for the Bacillus 
thurinaiensis crystal protein toxins. 
The present invention also comprises new 
polypeptides, e.g. new hybrid crystal protein toxins 
10 obtained by. in vivo recombination of the 
hypervariable region of two genes coding for the 
Bacillus thurinqiensis crystal protein toxins. 
The two genes to be recombined in vivo can be: 

a) derived from natural Bacillus thurinqiensis 
15 strains 

b) they can be the products of a previous in vivo 
recombination event. 

Another embodiment of the present invention refers to 
a novel process of production of new hybrid 

20 pesticidal toxins, in particular Bacillus 
thurinqiensis crystal protein toxin, by in vivo 
recombination of the iypervariable regions of genes 
coding for a pesticidal toxin, said genes having 
enough residual homology to be able to recombine in 

25 vivo . 

In a preferred embodiment of this invention the two 
hypervariable regions to be recombined in vivo come 
from two different genes of Bacillus thurinqiensis 
kurstaki and more particularly one gene is the 
30 crystal toxin encoding gene from Bacillus 
thurinqiensis kurstaki HD-1 Dipel (Gene HD-1) and the 
other gene is th crystal toxin encoding gene from 
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Bacillus thurdnqiensis kurstaki HD-73 (Gene ) . 

According to the present invention ' the in vivo ^ 
r combination process applies to cfrystal protein 
encoding genes isolated from the following strains: 
5 Bacillus thurinqiensis alesti 

aizawai ^ ^ 

canadensis ' ^ 

dakota . - ■ 

darmstadiensis 
10 dendrolimus ' 

entomocidus ^ ? 

f initimus , : 

f owleri -.^ ^---^ ■"'^ 

qalleriae - 
15 indiana > 

israelensis . • 

• Keniae - ■ ' . •' ' * ^ ^^-^ V 

■ ' . ■ .': . ^ 

kurstaki — 

kvushuensis • ' . ; 5^ # 

20 morrisoni \ ' " : > ; 

ostriniae ^ 
Pakistani - 
San Diego ' ■ . ''^' r: 

sotto ■ ■ ■ " 

25 tenebrionis 

thompsoni , ' 

thurinqiehsis 
Bacillus thurinqiensis tolworthi ^ 

toumanof f i ■ 
30 wuhanensi ' J :^ ^^^^^^ /^^^ 

Th present invention also fef rs to- pdasiii^^ vectors 
Khich contain two genes encoding a p sticidaS^rotein 
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toxin or a part thereof , said gen s having enough 
residual homology to be able to recombine in vivo . 
In an embodiment of the present invention these genes 
are the genes encoding the Bacillus thurinaienHi a 
5 crystal protein toxin. 

In a preferred embodiment of the present invention 
these genes are the genes encoding the Bacillus 
thurinqiensis variety kurstaki crystal protein toxin 
and in a more preferred embodiment of the present 
10 invention these genes are the genes encoding the 
Bacillus thurinqiensis variety kurstaki HD-1 Dipel 
crystal protein toxin (gene HD-1) and the Bacillus 
thurinqiensis variety kurstaki HD-73 crystal protein 
toxin (gene HD-73) . 
15 These plasmid vectors containing the Bacillus 
thurinqiensis DNA sequences to be recombined in vivo 
(for the reasons explained below they might be called 
"father plasmid vectors") represent a source of a 
potentially unlimited number of plasmid vectors ("son 
20 plasmid vectors") wherein the Bacillus thurlnqiengi a 
DNA sequences have recombined in vivo and now these 
new hybrid DNA sequences encode new Bacillus 
thurinqiensis hybrid crystal toxins. 
The present invention also refers to plasmid vectors 
25 ("son plasmid vectors" as above mentioned) containing 
new Bacillus thurinqiensis hybrid DNA sequences, 
resulting from in vivo recombination of two Bacillus 
thurinqiensis genes encoding the crystal protein 
toxin wherein thes new hybrid DNA sequences encode 
30 n w Bacillus thurinqiensis hybrid crystal toxins 
having either differ nt insecticidal activities 
and/or an altered insect host range. 
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Objects of the presdnt inventibn .also are expression 
vectors containing the new hybriH ■ Bacillus 
thurinaiensis DNA sequences obtaineia according to 

- -i 

this inventions and regulatory functions (like 
r> £»i()iii<)LorSr attenuators, rlbpsome binding sites, / 
s])ciri f ic SHINE-DALGARNO sequences, stop ' codeais, 
enhancers) which allow a very high expressibn of . " 
said new hybrid Bacillus thuringiensis DNA Beauenees 
and therefore a high production ;pf their > 

10 corresponding hybrid polypeptides. 

Expression controlling sequences useful in expressing 
the new hybrid B^ thuringiensis DNA sequences pf this 
invention include, but are not limited to^ th^ lac 
system, trp system, the major operator and promoter 

15 regions of phage /(^ , the control regions of fd-coat 
protein, the lac system, the TAG system and other 
sequences known to control the expression of genes of 
prokaryotic or eukaryotic cells or their viruses' or 
combination thereof. 

20 Another embodiment of the present invention rfef ers to 
host cells transformed by plasmid vectors a& here 
above described. * ; 

Hosts useful for preparation of the by^id DNA 
sequences of the present invention ..by la y vivo 

25 recombination include various strains of E. coli , 
Pseudomonas , B. subtilis, B^ thuringiensis , 
Agrobacterium , yeasts . 

For the transformation, for obtairiing the , hybi?id 
Bacillus ; thuringiensis DNA sequences bf the present 
30 invention, host cells can b^ r cbmbiriatlpn-"^^^^^^ 
proficient, recA"*". ; j 

Moreover , th in vivo recombination process" of 
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Bacillus thuringjiensis DNA sequences encoding crystal 
toxin protein occurs in host cells rec A-^ rec A" 
strains can also be used. 

the use of recA" strains for in vivo recombination 
5 provides a further differentiation from the one 

described by Weissmann and Weber in EP-141484. 

In a preferred embodiment of the present invention 

Escherichia coli host cells have been used. 

Two father plasmid vectors called pT173 and pGEM173 
10 were transformed in Escherichia coli HB 101 , so 

giving rise to strains 1-879 and 1-878, filed at 

Paris Pasteur Institute on June 28, 1989. The skilled 

persons in the art can understand that several other 

host cells may be used. 
15 Host cells useful for the expression of the hybrid 

Bacillus thuringiensis DNA sequences of the present 

invention are: 
E. coli 

Bacillus different species 
20 Bacillus thuringiensis 

Agrobacterium 
Yeasts 

Baculoviruses 
Rhizobium 

25 The present invention also comprises the use of the 
new hybrid Bacillus thuringiensis DNA sequences, 
object of this invention, for the preparation of new 
plasmid vectors containing thes new hybrid Bacillus 
thuringiensis DNA sequences, wherein said plasmid 

30 vectors are used to transform plant cells. 

New hybrid Bacillus thuringi nsis DNA sequences of 
th present invention coding for new hybrid Bacillus 
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thurinqiensis crystal prot in toxins can In fact' be 
engineered into plant cells to yield insect resistant 
plants. 

The methodology for engineering plant cells is well ' 
5 established (see Nester E.W,, Gordon M. P. , Ainasino \ ^' 
R.M. and Yanof sky M.F. , Ann. Rev. Plan. Physiol. 
35:387-399, 1984 ;and EP 142 924) • ' 
Plant cells transformed by these plasm^ vectors are 
also within the scope of the present invention. 
10 The present invention comprises as well ' transgenic 
plants containing new hybrid Bacillus thurinqiensis 
DNA sequences as produced according ' tdr this 
invention. 

In addition to be used to transform plant cillia, the 

15 new hybrid Bacillus thurinqiensis DNA sequences of' 
the present invention can , be introduced ^ into 
microorganisms capable of occupying , survi^^Ajig l^hd 
proliferating in the phytosphere of plants ■acbordingi^ 
to the procedures disclosed in EP-0200^44 . " v 

20 The present invention comprises as well "^muteixis of V ' 
the hybrid Bacillus thurinqiensis protein t^eiiu^iices \ 
of this invention, wherein theise muteins hitve 
obtained by standardized genetic e^^ 
techniques (like site-specific mutagenesis, random 

25 mutagenesis , glycosilation) and their activity Is/ 
reconducible to the insecticidal activity of " their . 
parent hvbrid Bacillus thurinqiensis crystal toxin 
proteins. ' v"-". 

The present invention also comprises new p sticidalV 

30 compositions containing new hybrid Bacillus 
thurinqiensis polypeptides obtained according to thiis 
invention, in combination with suitable eccipients, 
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adjuvants and aggregants etc. These compositions are 
pr par d by intimately and uniformly mixing the new 
hybrid Bacillus thurinaiens-i a polypeptides of the 
present invention with suitable finely divided 
5 diluents, fillers, eccipients, disintegrating agents 
and the like. 

As to the process of obtaining in vivo recombination 
of DNA homologous sequences we referred to a method 
developed by Weber and Weissman (1983) and EP-141484. 

10 The methods of their invention are characterized 

by the steps of a) preparing a DMA fragment or 
concatemer thereof, said fragment comprising in 
sequence one of the parental DNA sequences from which 
the hybrid DNA is to be derived, an intact replicon 

15 such ■ that the DNA fragment may be replicated in a 
host cell, and the other parental DNA sequence from 
which the hybrid DNA sequence is to be derived, the 
two parental DNA sequences having sufficient homology 
to promote their recombination ±n vivo; and b) 

20 selecting host cells that have been transformed with 
the desired hybrid DNA sequence and isolating said 
hybrid DNA. sequence from them. Selection of the 
desired host cells may be facilitated by having each 
parental DNA sequence associated with a different 

25 antibiotic resistance marker, and growing the 
transformed host cells on agar plates containing both 
antibiotics . 

The hybrid DNA sequences produced by these methods 
clearly enable the production of novel hybrid 
30 polypeptide having a variety of uses and biological 
activities. 

According to EP 141484, th s methods were originally 
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used to produce, new hybrid interferon^ genes by iii' '^V 
vivo recombination Qf two interferon ^Bnes -1 aiidcJ^ ^^^^ 
"2 having partial sequence hoipology (80%). " 
Thus DNA structures consisting of .plaamid, vector 
5 sequences flanked by the o( -2 interferon gene^x>n the k/- 
one side and a portion of theO^ -1 interferon g^ene on 
the other were transfected into E:^ coli hogi^ ceilLs - : 
Appropriate resistance markers allowed the isolation- 
of colonies^ containing circular plasmides whiash arose 
10 by in vivo recombination between they partly '^^ 
homologous interferon gene sequences. In the plaitald 
vectors different recombinant genes were i<Jen:t;if led, 
all of them encoding for new hybrid interferon not 
easily accessible by traditional recpmbinant DNA > 
15 techniques. This method, according to JBP^ 

should be generally applicable to the .fpfmation of 
recombinants between not too distantly ir^tated genes. / 
But, while according to thet method fifescribed by 
Weissmann and Weber in EP-141484 host cells, should be? 
20 recombination-proficient recA+, we have recently 
found that in vivo recombination of the)bypervardabip# 
regions of Bacillus thurinaiensis genes encodirig tfie 
Bacillus thurinqiensis crystal protein tpxlh occurs 
in host cells as well that are recA". PurthermcT^e e|[^^^^ 
25 experimental process of the applicant thanks to trh^ 
use of father plasmid vector, is shorten, safer ahd 
less difficult than that described 1^ Weber and 
Weismann in EP-141484. 

With a tedhniqu similar to that disclosed^ ig^ 
30 141484 Rey et al., 1986, obtained r cpnibift^ 

amylases by in vivo recombination between the genes 
coding the > lichenif ormis C>C-amylas6 V iand- thW""- J^V 
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homologous gene coding the stearothermophllus oL - 
amylase • 

Another way of producing novel toxins or altering the 
insect host range of Bacillus thuringiensis toxins is 
5 provided by a method, described in EP 228838 herein 
enclosed as a reference, which comprises recombining 
in vitro the variable regions of two or more S - 
endotoxin genes. 

Specifically exemplified in EP 228838 is the 

10 recombining of variable regions to two Bacillus 
thuringiensis kurstaki sequences, in particular HD-1 
and HD-73, to produce chimeric Bacillus thuringiensis 
5-toxins with altered ranges as compared to the toxins 
produced by their parent DNA. 

15 Variable regions, as used in that patent application, 
refers to non-homologous regions of two or more B.t. 
J-DNA sequences which upon in vitro recombination 
yields a DNA sequence encoding a new ^-endotoxin 
with an altered insect host range. According to the 

20 method described in EP 228838, two Bacillus 
thuringiensis gene showing partial homology are 
recombined in vitro by first cutting and then 
religating with restriction enzymes specific Bacillus 
thur ingi ens i s DNA sequences in order to obtain 

25 recombination of the non-homologous regions. 

However, even if this method is quite specific and 
allows production of new Bacillus thuringiensis 
toxins, it suffers as well of a considerable drawback 
since, according to an in vitro recombination 

30 process, only a limited amount of hybrid proteins can 
be produced. The method of EP 228838 requires in fact 
the identification of specific restriction sites in 
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both the genes to be recombined. While the method o'l *;^ 
the pres nt invention, wher in recombination is 
carried out in vivo , allows the production of ^ > 
potentially unlimited number of hybrid Bacillus 
5 thurinaiensis toxins. ' 
The disclosure of the present inventi^; is . intended 
to be read in conjunction with the >egerences^ citWS 
which are set forth in the appended bibliography . 
The following examples which illustrate proceduresr 
10 including the best mode to practice tfte inventloi^^ 
should not be considered limiting,, The^, examples are 
for illustration purpose and intended to describe 
this invention so that it may be cleairly understood.^ 
The present invention provides new hybrid BacillifB ' 
15 thurinaiensis DNA sequences obtained by In viVb 
recombination of two or more different genes ^ncodihdr* 
Bacillus thurinaiensis crystal protein toxin^* 
According to the present indention, therefore, we 
have subcloned in plasmid vectors two truncated genes 
20 of Bacillus thurinaiensis variety kuratalti . 

The source of the HD-1 Dipel gene portion was the 
plasmid pESAC, a derivative of pESl^ (ATCC 31995) 
described by Schnepf and Whiteley (1981). ThV HD-73r' 
gene portion derived from pJWK20 plasaiid (ATCC 31997) 
25 described by Kjronstad and Whiteley, A^84. 

pBS19 is an E^, coli - B. subtilis ahuttle Vector 
dtirLvod frtMii prtS42 (Wells et al., 1983; Gteg: Gray, 
unpubl . ) . 

The gene obtained from plasmid pESl of Bacillus 
30 thurinaiensis variety kurstaki HD-1 (gene HD-1 Dipel)^ 
consisted in the promoter, the 5* coding sequence 'and 
the whole hypervariable coding region. 
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The second gene, (gene HD-73) obtained from plasmid 
pJWK20 (Adang et al.^ 1985) of Bacillus thuringiensis 
variety kurstaki HD-73 was truncated in the 5' coding 
region and consisted, therefore, of the hypervariable 
5 region and the 3* terminal coding sequence. 

These two genes, gene HD-1 Dipel and gene HD-73, are 
among those isolated from Bacillus thurincriensis 
variety kurstaki showing the greatest differences at 
the level of the nucleotide sequence of the 

10 hypervariable region* Crystal protein toxins produced 
by these two different bacterial serotypes Bacillus 
thuringiensis kurstaki HD-1 and Bacillus 
thuringiensis kurstaki HD-73 show ~ different 
insecticidal activity for different species of 

15 Lepidopterans • 

According to the present invention the two truncated 
genes here above described have been cloned into 
plasmid pBS19 which contains a gene capable of 
conferring the chloramphenicol resistance phenotype* 

20 Between the two cloned Bacillus thuringiensis variety 
kurstaki genes, namely gene HD-1 Dipel and gene HD- 
73, a marker gene coding for tetracycline resistance 
was inserted. The result of this construction Is 
plasmid vector pT173 which is shown in Figure 1. 

25 Another plasmid, corresponding to plasmid pT173 and 
called pGEM 173 (10.8 Kb) is shown in Figure 2. 
This plasmid has been obtained inserting a truncated 
fragment of both the Bacillus thuringiensis kurstaki 
HD-1 gene and the Bacillus thuringiensis kurstaki HD- 

30 73 gene in the plasmid vector pGEM4Z (Promega, 
Madison, WI, USA Plasmid pT173, once introduced in 
Eschericfiia coli cells synthetizes a polypeptide of 65 
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Kd which is recognized by specif id antibpdi^a^f or the 
Bacillus thurinqlensis crystal toxin protein. This 
polypeptide has been identified as the product ""of 
Bacillus thurinqiensis variety kurstaki ^ \^hich, 
5 as here above described, is truncated downstrgiin of 
the hypervariable region. The partial- hoihology 
between the two hypervariable regions of gene HD-1 
Diepel and gene HD-73 (at. ixucleotide se^ence lev6l 
this homology is 62,2%) should be sufficient to be > 

10 able to promote an in vivo recombinatibh process of 

the two truncated genes. , 
It is clear that since this is an in vivo 
reqombination process, plasmid vectors like plasmid 
pT173 can produce an unlimited number of different 

15 recombinant hybrid Bacillus thurinqiensiB DNA' 
sequences encoding for their corresponding hybrid 
Bacillus thurinqiensis polypeptides , having either 
different insecticidal activity and/or an altered 
target insect range. 

20 Plasmid pT173, therefore, has been transformed in 
suitable Escherichia coli host cell. 

In one embodiment of the present invie^Jtion, these 
Escherichia coli host cells are recombination 
proficient rec A+, but according to ibme mor^^^ecent 
25 results, in vivo recombination' Bacfllus^ 
thurinqiensis DNA sequences occurs also in cells 
which are rec A*. 

The recombination defici nt rec A" cells t instead of 
recombination proficient rec" A'*|) have^^he adva'ntagfe' 
30 that the hybrid DNA is not rearranged.. ,i^n tfeis Way 
accuracy of recomVjJ ruilAon i r. c)bLa i hchI I he; ' DNA 

level , avoiding casual '^reartangmeht dild : then the 
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occurence of unexpected and unwanted sequences. 
After many generations plasmid DNA is extracted and 
digested with the restriction enzyme Nru !• 
Since recombinant plasmid carrying new Bacillus 
5 thurinqiensis hybrid DNA sequences obtained upon in 
vivo recombination have lost the DNA restriction site 
recognized by Nru I (as it will be explained in a 
more detailed way further on) , treatment with the 
endonuclease Nru I allows selection of plasmids which 

10 have recombined in vivo. 

These recombinant plasmids, being the only ones still 
circular after the Nru I treatment, will be able 
successively to transform coli cells producing 
their colonies which will be resistant to 

15 chloramphenicol. 

The same procedure applies to plasmid pGEM 173, with 
the only difference that coli transf ormants are 
selected for resistance to ampicillin instead of 
chloramphenicol . 

20 According to the method hereabove described, we 
succeeded in isolating many different recombinants 
whose hybrid DNA sequences are reported in Figure 6 a 
- e. 

MATERIALS AND METHODS 
25 BACTERIAL STRAINS 

The following bacterial strains and their rec A 
derivative were used for transformation: 
Bacterial strains 

Escherichia coli strains were: HBlOl (F* hsdS20 
30 recA13 ara-14 proA2 leuBS lacYl qalK2 rpsL20 xvl-5 
mtl -1 sup E44 ) 

JM103: (lac proAE) J\ (lac pro), thi, strA, supE, 
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endA, sbeB, hsdR-^ F' traDMr BroMr iacl5/ 
294 endA . thi pro hsdR hsdM ^ 

294recA endA thi pro hsdR hsdM hsm recA ; 
Escherichia cell host cells were made competent and ' 
5 transformed according to Hanahan 1985. 

CULTURE MEDIA \ . 

LB medium <per liter: Difco Bacto-tryptone lOg; Dif do ^ ^ -^^^^^^^ V^^^^^^^^ 
Bacto-yeast extract 5g; NaCl 5tr) . ^ > 
For growth of strains wi^h plasmid ^ ^|)T173, 
10 tetracycline 12.5 /ug/ml or chloramphetlicol 10 ^ug/ml v 
were added to LB medium. ' 

For growth of strains with plasmid tiGEli'~I73 ir 
ampicillin was used at lOOyug/ml* : 
PLASMID DNA EXTRACTION 

■ " . ■ • ■ . ' . ' b 

15 Plasmid DNA preparation haa been done by the alkaline ^ ^ 
lysis method adapted to larger samples and fbijowed, 
for sequencing, by a PEG precipitation :(&i'fnTt]pi?^ 
Doly, 1979). v :.V 

RESTRICTION ENZYMES, DIGESTION^ ELECTROPHSRESlis 

20 Restriction enzymes were from BOehringer tjannheim \ 
GmbH II (FRG) and from Bethesda Research Laboratories 
(Maryland, USA). - ^ ; 

Restriction enzymes digestion, ligation ind,, other : , 
treatments during plasmid construction done 

25 following the suggested protocols of the supplier. 

Restriction patterns generated from the digestion of 
plasmid DNA were resolved on 0,7% -^garos^ ; gela^.; 
(agarose from Bethesda Research: Labor^atGriesTr" DNA 
samples were electrophoresed in TBE buffer '(OrSM 

30 Tris-borate pH 8.3, 2 iiiM EDTA) aiitf stained; with 
ethidium bromid . When necessary electrophoresis was 
performed on acrylamide gels <<6%) in TBE bu^fel^i' 
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DNA SEQUENCE ANALYSIS 

Fragm nts of DNA, originated from recombinant 
plasmids derived from pT173 and pGEM-173, were 
obi.iiiKul by irindirr digestion* A band corresponding 
5 to DNA of approximately 2.9 Kb was separated by 
agarose gel electrophoresis, recovered by 
electroelution and subsequently digested with EcoRV. 
A band of DNA of approximately 700 bp was purified by 
acrylamide gel electrophoresis (6%) electroeluted and 

10 ligated to the plasmid pGEM"4Z (Promegar Madison, Wl, 
USA) digested with Smal and treated with phosphatase. 
Sequencing was performed by the chain termination 
method of Sanger et al. (1977) adapted to' plasmid DNA 
(Chen and Seeburg, 1985) . 

15 Sequenase (united States Biochemical) is known ^ in 
the dideoxi-chain elongation reaction. 
IMMUNOBLOTTING 

The method of Towbin et al. (1974) was used to detect 
the crystal protein immunologically. 

20 Proteins resolved by Sodium dodecyl 

sulphatepolyacrylamide gel electrophoresis were 
transferred electrophoretically to nitrocellulose 
sheets washed with 50 mM Tris hydrochloride-200 mM 
NaCl containing 0.1% Nonidet P-40 and then incubated 

25 with the antiserum. 

After a wash with the same buffer, the nitrocellulose 
sheets were incubated with peroxidase-conjugated sheep 
anti-rabbit immunologlobulin G antiserum (United 
States Biochemical Co., Clevelandr Ohio). 

30 The immuno-complexes w re then visualized in the 
presence of hydrogen peroxide and 4-chloro-l-naphtol 
as substrat s (GIBCO Laboratories, Grand island 
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N.Y., Bethesda. Research Laboriatories/ Inc. 
Gaithersburg, Md.) V 
PLASMID CONSTRUCTION 

pT is a pBS19 derivative: a 1424 bp Eco RI - Ava I 
5 (with even ends in Ava I) fragment of pBR322 bearing 
tetracycline resistance was inserted "in *"pBSl9 
digested with Eco RI and Sac I (the latter digestions 
followed by treatroents able to obtain even ends) . 
pT73 is a pT derivative obtained by inserting in the 

10 Eco RI site of pT an Eco RI f ragmeiht of Napptoximat^ely ^ ^^^^^^^^^ 
5400 bp obtained from pJWK2Q (Fig. 1) . ThS fragment: 
comprises the last two thirds of . the HD73 toxin gene ' 
starting from residue 1383 of the sequenced: 
(Adang et al. , 1985) . pTl- was obtained as foli6ws: 

15 was digested to completlorn with Sma I . partially witag - -^ 
Bam HI and ligated to a fragment of " 

1900 bp derived from pESAC and correspdhding tB : the ^ ^^^^^^^^^ 
first portion of HD-1 Dipel tonin gene' from 
nucleotide residue 291 to residue 2215V <>i the 

20 sequenced region (Schnepf et al., 1985). • 

The fragment was obtained by digestion fif pESAC witii 
Hind III followed by treatment with Kleiibw to make it - 
blunted and then by restriction with Bim - HI . 
pT173, the plasmid used for the in vivo cb^hstr^tictibn : 

25 of recombinant genes, derived ^rom the ihisertion of 

the 2500bp Bam HI-Bam HI fragment of pTI, comprising ' ^ • 
the firiBt part of the HD-1 Dipel g^nfe and i^he last 
two thirds of the resistance tetracyc-liniisi g^he/ ' in 
pT73 completely cleaved^ with TBanv HI ■ and^^ f . 

30 dephosphorilated with pancreatic phosphatase to avoid 
r -insertion of the original Baro HI fragment. 
TetR and Cm^ transf ormants ibbtained in E. '^ coli ■ 244 
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racA strain were examined by plasmid extraction and 
restriction analysis, 

Plasfflids pTl, pT73 and pT173 were not able to direct 
the synthesis of a complete endotoxine polypeptide 
5 but only of a 65-68 kdal fragment which immunoreacted 
with antibodies raised against the pure toxic crystal 
in pTl and pT173. 

The tetracycline resistant gene was inserted in 
inverted orientation to ensure that the HD73 
10 truncated sequence could not be expressed from 
external expression control regions in pT73 and 
pT173. 

GENERATION OF HYBRID GENES 

The sequences of HD-1 Dipel and HD73 genes in pT173 

15 share a region of homology, i.e. the last 696 bp of 
HD-1 Dipel sequence and the first 707 bp of the HD-73 
sequence. Between these partial direct repeats there 
is the tetracycline resistance determinant 
characterized by the unique Nru I site. 

20 Figure 3 shows the protocol followed to generate the 
recombinant plasmids with the hybrid toxin genes » 
The pT173 plasmid was introduced in a recombination 
proficient background by transformation of E^ coli 
294 competent cells. 

25 A single colony TetR and Cm^ has been inoculated in 
LB (supplemented with chloramphenicol) and grown for 
about 40 generations. Plasmid DNA extracted from the 
cells was digested with Nru I. In this way the 
molecules not subjected recombination and having the 

30 intact tetracycline gene were linearis d. Only 
circular molecules could replicate and transform the 
294 recA competent cells to CmR. 
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This allows selection of plasraids which have 
recombined in vivo ; they have lost tfie restirictibn 
site recognized by the endonuclease Nru ]p and 
according to that they remain circular: 
5 The CmR transformants were screened for sens1:tivit/ * 
to tetracycline with the aim of obtaining 
recombinants between the partially homologous regions -^^^^^^ 
of the truncated toxin genes (boxed in Figure 3). in 
this way we expected to reconstitute an entire hybrid 
10 gene with the first third of the aininoterminal region 
of the HD-1 Dipel gene and two thirds f rbm the 
carboxyterminal region of the HD-73 geiie*. The. 
hypervariable region wad expected to^ be a di;fferent 
hybrid region for each clone* afble to express a 
15 polypeptide immunoreacting with specific antibodies. 
We isolated 13 CmR Tet^ clones, examined them for the 
production of a polypeptide Imiiiunoreactin^ with 
polyclonal antibodies rkised^ against HD-73 toxic 
crystals and for the presence of recombinant plasraids 
20 (pTHy) , 

ANALYSIS OF THE RECOMBINANT OBTAINED > ■ 

Escherichia coli cells transformed: Wlth-^ the 
recombinant plasmids have been analysfed by 
imraunoblotting to identify all the clones capafcli^ of^' 

25 synthesizing a polypeptide chain of 135 M haVliig the* 
immunological ; properties of the ^ Bacillus 
thurinaiensis crystal toxin protein • The ini^iiibod of 
Towbin et al (1974) was used tb detect the cr 
prot in immunologically. v ^ ' ■ 

30 According to this method 10 positaV^ clones werire 
identified* ^ . 

In order to /^characterize th se pd^it-ivei dibpes 
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identified, recombinant plasmids have been purified 
and their DNA was dig sted with restriction enzymes 
in order to obtain their restriction maps^ Plasmid 
purification and restriction enzyme digestion have 
5 been done according to the methods indicated 
previously in description of the present patent 
application. 

All the plasmids analyzed were identified as 
recombinant plasmids obtained by in vivo 
10 recombination of the hypervariable regions of the two 
Bacillus thurinqiensis kurstaki genes contained 
either in plasmid pT173 or pGEM173. 

These two "father plasmids" are in fact sources of a 
potentially unlimited number of new hybrid Bacillus 
15 thurinqiensis DNA sequences obtained by in vivo 
recombination . 

All these recombinant plasmids were further 
characterized by determining the nucleotide sequence 
of DNA fragments corresponding to the hypervariable 
20 regions wherein, according to the present invention, 
recombination has occurred. 

DNA sequence analysis has been done according to the 
method indicated in the description of this patent 
application. 

25 In figure 4 the HD-1 and the HD-73 Bacillus 
thurinqiensis DNA sequences are aligned to maximize 
the matches (represented by a vertical line) . The 
regions of cross-over are indicated by a box. 
While most of the recombinant hybrid DNA sequences 

30 obtained and identifi d are different from each 
other, some of them were completely identical and we 
can not exclude that they might be "brothers" 
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resulting from a unique recombination process* ; ^ ^ 

As indicated in Fdigure 4, the in viC^o rNecombiiation"^^ • ' 
process has occurred through all the hypervariable 
region. So far, of all the recombinant .hylirid^^ 
5 Bacillus thuringiensis DNA .sequences analyzed, 
excluding those which recombined in the same region, 
10 hybrids used a different region of cross-ov|pr. The 
DNA sequences of these 10 new recombinant ' hybrid 
Bacillus thuringiensis genes afre reported in Pigur^ 6 

10 a - e. ... 

These recombinant hybrid sequences have been ^called* 
respectively: HY45, HY3, HYS^ HY53, HY21, HY32, Uy2, 
HY 127, HY 126, HY 5. - 
The aminoacid sequence of the proteins cbded by theses 

15 recombinant hybrid Bacillus thuringiensis genes caifi 
be easily deduced from their nucleotide sequence. > 
A comparison of the deduced aminoacid sequences is 
reported in Figure 5 which represents .thet optimal 
alignment of these polypeptide products deduced from 

20 the DNA sequence of their parental recomMnantj hybrid 
genes. Accordiiig to the specific site whei'e the 
recombination process has qcQurredr -*^the hybrid 
protein corresponds in the hyper variable regiiqja 
either to the protein encoded by the gen^e HI>-1 ■ Dipdl 

25 or to the protein encoded by the gene HD 73. 

Two cases have been identified, HY6, HY64jand fiY 127, 
HY 21, where, wliile the hybrid recombinant genes have 
a different nucleotide sequence, the polypeptide 
chains are identical. At- the aminoacid level, 

30 therefore , the r al number of n w recombinants 
encoding hybrid Bacillus thuringiensis crystal 
protein toxins is eight . Th se hybrid "^mios y encode 
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hybrid proteins which are different from their 
parental natural Bacillus thurinaiensi.q crystal toxin 
proteins and from any other known Bacillus 
thuringlensis crystal toxin protein. 
5 Accordingly, these new hybrid proteins might have 
either different insecticidal activities and/or an 
altered insect host range as compared to the natural 
crystal toxin proteins produced by Bacillus 
thurinqiensis variety kurstaki HD-1 Dipel or Bacillus 

10 thurinqiensis variety kurstaki HD-73. 

The experimental procedure described in the present 
invention in order to generate hybrid recombinants 
between different Bacillus thurinqiensis genes can be 
applied to other couples of Bacillus thurinqiensis 

15 genes or to different recombinant products, 
generating new polypeptides possibly having spectra 
of toxic activity different from that of the parental 
products. Among the 8 new different hybrid Bacillus 
thurinqiensis crystal protein toxins • isolated, 

20 preliminary results indicate that some of them have a 
specific toxic activity against Ostrinia nubilalis 
larvae (European corn borer) . 

It is clear to those skilled in the art that direct 
sequence analysis of other recombinants combined with 

25 assays of toxicity against different Lepidopteran 
targets could lead to the identification of new 
toxins with either a different insecticidal activity 
or an altered insect host range. Those skilled in the 
art will appreciate, therefore, that the invention 

30 described h rein and the methods of practising it 
specifically described are susceptible of variations 
and modifications other than as specifically 
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described. >^ 
It is to be und rstood that the invention includes 
all these variations and modifications which are 
intended to be fully within the scope of the 
5 following claims. 

The numerals set forth below represent figure number^ 
for the appended draw4.ngs. 

Fig. 1 - Shows the construcbdlon of pT173 - 
plasmid. 

10 PT is a derivative of pBS19 abre to express 
chloramphenicol resistance (Cm) arid- tetracycline v 
resistance (Tet, heavy black arrow) in E. coli and ' A 
subtilis. 

The open box is the HD-73 toxin coding sequence 
15 starting from residue 1383. The direction of 
transcription is indicated. The heavy ;^iHe: represents 
the HD-73 sequences downstream the toxin gene, v 
Dashed box represents the HD-1 Dipel sequence ^^^^^^^ ^^^"^T 
starting from residue 291 to residiae,; 2215. Tfe^^^ 
20 direction of transcription -..is iAaicated. The*'" 
interrupted arrows iridlcate the region <^ partial Z-^- 
homology. 

Fig. 2 - Shows the restriction toap of ^^^iasinld 
'PGEM173 (10.8 kb) ^ / 

25 This plasmid is obtained by inserting a t^ncated 
fragment of the HD-73 gene, more particularly an 
EcoRI-ecoRI fragment derived from plasmid pJWR20 (as 
for the construction of plasmid tiT17 3) in the plasmid .> 
vector pGEM 4Z Promega. ' 

30 The truncated HD-1 g he inserted in plasmid pGEM-173 
is a BamHI-BamHI obtained from plasmid' pyi7 3/ Thi 
BamHI-BamHI fragment only includes part" ot the Tctl^ 
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gene, which contains a Nrvl restriction site* 

Fig. 3 - Is a schematic representation of the 
process of in vivo recombination of the present 
invention. 

5 Plasmid PT 173 (13 kb) carrying the Bacillus 
thurinqiensis HD-1 and HD-73 truncated sequences, 
separated by the marker gene for the resistance to 
tetracycline, has been introduced by transformation 
in coli (RecA"*") cells wherein in vivo 

10 recombination of the two Bacillus thurinqiensis DNA 
sequences occurs. 

PTHY represents isolated recombinant vectors carrying 
genes coding for a new hybrid Bacillus thurinqiensis 
toxin . 

15 The heavy closed boxes represent the partially 
homologous regions, open for HD-73, dashed for HD-1 
Dipel . 

Fig. 4 - Shows the alignment of the two Bacillus 
thurinqiensis DNA sequences HD-1 and HD-73- in order 

20 to give the greatest homology. 

Vertical dashed lines indicate matches; boxes 
represent, for each recombinant obtained by the 
present method, regions wherein the recombination has 
occurred; numbers in bold above boxes represent the 

25 new recombinant obtained HY 6, HY 15, HY 107, HY 53. 
DNA sequence nucleotides are indicated and numbered 
according to the original numeration given in the 
published DNA sequences HD-1 (Schnepf et al., 1985) 
and HD-73 (Adang et al., 1985). 

30 Fig. 5 - Shows the optimal alignment of 

polypeptide deduced from the sequences of HD-1 Dipel 
and HD-73 genes. 
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In Panel A (modified after Geiser et al., 1986) is 
schematically represented the alignment of the entire 
polypeptides; a vertical line represents an unmatched 
residue, short bars near the horizontal lines are 
5 deletions . 

Panel B represents the aminoacid sequences aligned 
for the region corresponding to the partial homology 
region, at the DNA sequence level, used for the 
recombination in pT173 and pGEM173. 
10 The sequence indicated in this figure corresponds to 
the region underlined in Panel A. 

An aminoacid residue identical in HD-1 Dipel and HD- 

73 or in the hybrid products is denoted by a bar. 

- represents an aminoacid residue deleted to obtain 
15 maximum alignment. 

Figs 6 a-e Show the DNA nucleotide sequences of 

hypervariable regions of hybrid Bacillus 

thurinqiensis genes obtained by in vivo recombination 

according to the present invention. 
20 The DNA sequence has been determined sperimentally on 

both DNA strands for all the recombinant hybrid genes 

obtained. 

HD-1 DNA sequence is in bold letters. Numeration is 
as follows: Position 1 corresponds to nucleotide 1521 
25 of the HD-1 DNA sequence (Schnepf , 1985) while the 
last nucleotide corresponds to nucleotide 2091 of the 
HD-73 DNA sequence (Adang et al., 1985). 
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CLAIMS 

1. Hybrid DNA sequences characterized in that 
they are obtained by . in vivo recombination of two 
genes coding for an insecticidal toxin protein^. 
5 2. Hybrid DNA sequences according ito COraim 1, 

wherein said hybrid DNA sequences haVe been bbt>^^^^ 
by in vivo recombination of two SMlllus n 
thurlnqiensis genes coding for the^^ It^cillus 
thurlnqiensis crystal toxin protein, ■ 
10 3. Hybrid DNA setquences according to Claims 1-2, 

wherein said hybrid DNA sequences have been obtaUnecJ 
by in vivo recombination of two llacillus 
thuringiensis variety kurstaki genes coding for the^- 
Bacillus thuriiigiensis crystal toxin pr<il ! ri;:' 
15 4. Hybrid DNA sequences according to Claims 1-3," 

wherein said DMA sequences have been cJbtained by in 
vivo recombination of the Bacillus thuringiensis 
variety kurstaki HD-1 Dipel gene and the ^ Bacillus 
thuringiensis var. kurstaki HD-73 geif^,; both genes 
20 coding for the gacillus thuringiensis crvst a t^jxin 
•• " .•protein. \ ' 

5. Hybrid DNA sequences accordinig to Cl^^i^^ 1-4 ' 
wherein said hybrid DNA sequence? haye^ljeen obtained 
by in vivo recombination of the hypervar liable regions 
25 of the Bacillus thuringiensis var^ kiirstafe^. . HD-1. 
Dipel gene and of Bacillus thuringiensis yar - 
kurstaki HD-73 gene , both genes coding for " the 
Bacillus thuringiensis crystal toxin protfein. 

6* Hybrid DNA sequence HV 5 according tp Claiins 
30 1-5 characterized by an hypervariable r g[ion having 
the following cfucleotide sequence: 
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LOCUS HY& 713 BP ENTERED 5/22/87 

ORIGIN IN VIVO RECOMBINANT HD1/HD73 #5 

t .AATTCSCATT CfXTTTATTT BeOAATBCOO BBAATBCAQC TCCnCCCaTA CTT B T CIC HT 
61 TAACTSeTTT SOOeATrrTT AQAACATTAT CTTCACXTTT ATATABAAOA ATTATACTTB. 
12t BTTCABOCCC AAATAATCAO 8AAUIUIIIU TCCTTBATDG AACBBABTTT ' lU l I HU U :i 
IBt CCCTAACBAC CAACTT6CCT TCCACTATAT ATABACAAAO BOGTACAOTC 8ATTCACTA0 
5 241 ATBTAATACC-BCCACABAAT AACAACQTOC CACCTAOaCA AOaATTTAOT CATCOATTAA 
301 OCCATOTTTC AATaTTTCOT TCAaOCTTTA OTAATAOTAQ TOTAAOTATA ATAAGAOCTC 
36% CTATOTTCTC TTOOATACAT COTAaTOCTa AATTTAATAA TATAATTOCA TCaOATAOTA 
421 TTACTCAAAT CCCTOCAOTa AAOOOAAACT TTCTTTTTAA TOQTTCt O TA ATTTCAOOAC 
4B1 CAOaATTTAC TaOTOaaOAC TTAaTTAaAT TAAATAQTAO TOQAAATAAC ATTCAOAATA , 
841 OAOaOTATAT TOAAOTTCCA ATTCACTTCC CATCBACATC TACCAOATAT CaAOTTCOTO 
10 401 TACOOTATOC TTCTOTAACC CCOATTCACC tCAACOTTAA TTOOOOrAAT TCATCCATTT 
66% TTTCCAATAC AOTACCAOCT ACAOCrACOT CATTAOATAA TCTACAATCA AOT 

7. Hybrid DNA sequence HY 45 according to Claims 
1-5 characterized by an hypervariable region having 
the following sequence: 

15 LOCUS HY45 707 BP ENTERED 5/23/89 

ORIGIN IN VIVO RECOMBINANTS HD-1/HD73 #45,66 

1 AATTCaCATT fXCTTTATTT OOGAATOCBO OBAATBCABC TCCACCCBTA CTTBTCTCAT 
A I TAACTBOTTT BOGOATTTTT AOAACATTAT CTTCAOCJTT ATATABAAOA ATTATACTTB 
121 BTTCABOCCC AAATAATCAO BAACTBTTTB TCCTTBATBQ AACBBABTTT TCTTTTBCCT 
20 CCCTAACBAC CAACTTBCCT TCCACTATAT ATABACAAAO BBOTACABTC BATTCACTAO 

241 ATOTAATACC BCCACABOAT AATAOTOTAC CACCTCOTBC BOBATTTABC CATCBATTBA 
301 OTCATOTTAC AATBCTOAOC CAAOCABCTO BAOCAOTTTA CACCTTBAOA BCTCCAACOT 
361 TTTCTTBOAT ACATCOTAat GCiaAATTTA ATAATATAAT taCATCOOAT AOTATTACTC 
421 AAATCCCTOC AOTOAAOGOA AACTTTCTTT TTAATOOTTC TOTAATTTCA OaACCAOOAT 
401 TTACXaOTOa OOACTTAOTT AOATTAAATA OTAOTaOAAA TAACATTCAO AATAOAOOaT 
B41 ATATTaAAOT TCCAATTCAC TTCCCATCOA CATCTACCAO ATAyCOAOTT CaTOTACOOT 
601 ATaCTTCTOT AACCCCGATT CACCTCAACO TTAATTGOaO TAATTCATCC ATTTTTTCCA 
66% ATACAOTACC AOCTACAGCT ACOTCATTAO ATAATCTACA ATCAAGT 

8. Hybrid DNA sequence HY 3 according to Claims 
1-5 characterized by an hypervariable region having 
the following nucleotide sequence: 

30 
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LOCUS HY3 710BP ENTERED 5723/89 

ORIGIN IN VIVO RECOMBINANTS H£f-1/HD73 #3 ,4, 7 

1 AATTC8CATT CCCTTTATTT BOOAATBCOO BOAATBCABC TCCrtdCCOTA CtTOTCTCAT 
61 TAACTBOTTT OOOOAtTTTT AOAACATTAT cnCACCTTT ATATWWAdA ATTATACTTB 

121 orrcAOoccc. aaataatcab oaactbttib tccttoatoo AAC80ABTTT Tcrmoqcf 

lai CCCTAACOAC CAACTTOCCT TCCACTATAT ATAOACAAAO BMTACAOTD BATTCACTAQ 
241 ATBTAATACC BCCACAOOAT AATAOTBTAC CACCTCaTBC BOBAllrTABC CATCBATTBA; 
301 BTCATOTTAC AATBCTBABC CAABCABCTB BAOCABTTfA CACCTTBABA BCTCCAACBT 
361 TTTCTTBGCA OCATC8CABT BCTBAATTTA ATAATATAAT TCCTTCOTCA CAAAlTACAC 
421 AAATACCTTT AACAAAATCT ACTAATCTTB BCTCTBOAAC TrCTBfMTT AAaBBACCAB; 
4B1 BATTTACTOa TOOOOACTTA OTTMhTThh ATAOTAOTOa i»llllT%«€lltT CMQIIIITAOlia 
041 oaTATATTaA AOTTCCIUITT CACTTCCCAT COACATCTAC CAOATAtCBA «ltTc4T0tAC 
601 flOTATOCTTC TOTAACCCCO ATTCACCTCA ACQT7AATT0 OOOTAATTCA TCCfytTItt 
A6i CCAATACAOT ACCAOCTACA OCTACOTCAT TAOATAAtCT ACAATCAAOT 



9. Hybrid DNA sequence HY 21 acdording to Claims : 

1-5 characterized by an hypervari able region having 

the following nucleotide sequence: 

15 LOCUS Hy21 713BP ENTERED 5/23/89 

ORIGIN IN VIVO RECOMBINANT HD-1/HD73 #21 

1 AATTCOCATT CCCTTrATTT BOOAATBdflS BBAATBC»Oc' ttXflCtS»TA CTiraTCTCAT 
61 TAACTOBTTT OOOOATTTTT AOAACATTAT CTTCACCITt ATATAOftAOA ATfATACTTO 
121 BTTCABOCCC AAATAATCAB OAACTBTTTB TCCTTOATfeB AACOOAaTTT TCTTTTBCCT 
101 CCCTAACOAC CAACTTOCCT TCCACTATAt ATAOACAAaB OOQTACAOTC OATTCACTAO^ 
241 ATBTAATACC BCCACABOAT AATABTOTAC CACCTCBTOC '^BBATWA^ CATC8ATT8A 
301 8CCAT0TTTC AAT0TTTC0T T.CAOOCTTTA OTAATAOTIkO teXAb^WA 1^^^ 
361 CTATOTTCTC TTOOATiCCAT COTAOTOCTO AATmlTAA tAt>ATf OCli^ ^ 
421 TTACTCAAAT CCCTOCAOTO" AAOOOAAACT TTCrrtlrHii^^ ATTtfel^jOAC 
481 CAOOATTTAC TOOTaOOOAC tTAOTTAOAT TAAATAqfir^W TOOAA^^ nrtth^Ktk 
S41 OROOOTATAT TOAAOTTCCA ATTCACTTCC CUTCOACATC TIfCCArfATAT fcd^ 
601 TACOOTATOC TTCTOTAACC CCGATTCACC TdlfAcOli^AA ^TOOOOf^ 
661 TTTCCAATAC AOTACCAqCT ACAOCTACOT CATt'AaJWAA TCTACAA^ AOT^^ ^^^^^^^^^ 



10. Hybrid DNA sequence HY 32 aScprdiftg to 
Claims 1-5 characterized by an hypei^yariable 'region 
having the following nucleotide sequene^: ; ' ' 
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LOCUS HY32 707BP ENTERED 5/23/89 

ORIGIN IN VIVO RECOMBINANT HD-1/HD73 #32 

t AATTCGCATT CCCTTTATTT OGGAATBCBG BGAATGCAOC TCCACCCSTA CTTOTCTCAT 
hi TAACTBOTTT BGOOAI i II I AOAACATTAT CTTCACCTTT ATATAGAAOA ATTATACTTB 
121 BTTCAeOCCC AAATAATCAB BAACTOTTTO TCCTTBATGO AACB0A8TTT TCTTTTOCCT 
lei CCCTAACOAC CAACTTBCCT TCCACTATAT ATAOACAAAO BOGTACAOTC OATTCACTAO 
5 241 ATGTAATACC DCCACAOOAT AATAOTBTAC CACCTC8TBC BB0ATTTA8C CATCBATTBA 
301 BTCATBTTAC AATBCTBABC CAAOCAGCTB BAGCAQTTTA CACCTTBAOA BCTCCTATOT 
36 t TCTCTTOOAT ACATCOTAOT OCTOAATTTA ATAATATAAT TOCATCOOAT AOTATTACTC 
421 AAATCCCTOC AOTQAAOaaA AACTTTCTTT TTAATOOTTC TOTAATTTCA OOACCAOOAT 
4B1 TTACTOOTOO aOACTTAOTT AQATTAAATA OTAQTaaAAA TAACATTCAO AATAOAOOOT 
54 1 ATATTOAAOT TCCAATTCAC TTCCCAtCOA CATCTACCAQ ATATCOAOTT COTOTACOOT 
60 f ATOCTTCTOT AACCCCOATT CACCTCAACO TTAATTOOOO TAATTCATCC ATTTTTTCCA 
661 ATACAOTACC AOCTACAaCT ACOTCATTAO ATAATCTACA ATCAAOT 

11. Hybrid DNA sequence HY 6 according to Claims 
1-5 characterized by an hypervariable region having 
the following nucleotide sequence: 
15 LOCUS HT6 710BP UPDATED 5/23/89 



ORIGIN IN VIVO RECOMBINANT HD-1/HD73 #6 



20 



25 



1 


AATTCOCATT 


CCCTTTATTT 


OBBAATBC88 


BAAATGCAdC 


TCCACAACAA 


CGTATTGTTG 


^1 


CTCAACTAOa 


TCAOOOCOTO 


TATAGAACAT 


TATCGTCCAC 


TTTATATAGA 


AGACCTTTTA 


121 


ATATAGOOAT 


AAATAATCAA 


CAACTATCTG 


TTCTTGACOG 


GACAGAATTT 


GCTTATGGAA 


181 


CCTCtfTCAAA 


TTTOCCATCC 


QCTGTATACA 


GAAAAAGCGG 


AACGGTAOAT 


TCaCTGGATO 


241 


AAATACCGCC 


ACAOAATAAC 


AACGTOCCAC 


CTAGGCAAGG 


ATTTAGTCAT 


CGATTAAGCC 


301 


ATOTTTCAAT 


OTTTCOTTCA 


OGCTTTAGTA 


ATAGTAOTOT 


AAOTATAATA 


AGAGCTCCTA 


361 


TOTTCTCTTO 


OATACATCOT 


AGTOCTGAAT 


TTAATAATAT 


AATTGCATCG 


GATAGTATTA 


421 


CTCAAATCCC 


TOCAOTOAAa 


OGAAACTTTC 


TTTTTAATGG 


TTCTGTAATT 


TCAOGACCAO 


481 


OATTTACTOO 


TOOOaACTTA 


QTTAGATTAA 


ATAGTAGTOa 


AAATAACATT 


CAGAATAGAG 


841 


OOTATATTOA 


AOTTCCAATT 


CACTTCCCAT 


COACATCTAC 


CAGATATCGA 


GTTCGTOTAC 


601 


aaTATOCTTC 


TOTAACCCCO 


ATTCACCTCA 


ACOTTAATTO 


QGGTAATTCA 


TCCATTTTTT 


661 


CCAATACAOT 


ACCAaCTACA 


GCTACQTCAT 


TAOATAATCT 


ACAATCAAOT 






12. Hybrid DNA 


sequence 


HY 53 according 


to 



Claims 1-5 characterized by an hypervariable region 
having the following nucleotide sequence: 

30 
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LOCUS Hy53 710BP UPDAT^ 5/22/89 ■ ■ '-I'^'i 

ORIGIN IN VIVO RECOMBINANTS ' HD-1/HD73 

, #53,64,107 .' , 

1 AATTC8CATT CCCTTTATTT OBBAATBCBO flBAATOCAOC TCCACWCAR COTWIOTW : 
6i CTCAACTAOO TCAdaOCOTO TATWAWliT TATCdTCCHC tTJKt Kt Mh MM^TTX 
,21 ATliTAOaaiiT HHWIiATCIiA CAACTATCXa TTCTTttJaOO OACMAftTTTS flCTTAfliOAA ' 
5 ,B1 CCTCCTCAAA TTTOCCATCC OCTOTATACA OAA*AAaC«lP AACOOTSOAr TCOCTOaAta 
,4, AAATACCOCC ACAOAATAAC AACflTOCCAC CTAOOCAAqO ATTTAOIGAT C0ATTAAO«?e 
301 ATOTTTCAAT OTTTCOTTCA OaCTTTAOTA AOtAUTOT AAOTAWATA AOAOCTCCTA 
TOTTCTCTTO OATACATCOT AOTOCTOAAT TtAI^TAAlSt AlffTOCATCa pATAOTHTTA 
42, CTCAAATCCC TdCAOTOAAO OOAAAmTC tTTTT*ATOr nCTOTAOTt TCApOACCAq 
481 OATTTACraO TOOOOACTTA OTTAOATTAA KtAinKm0r^hWti^hTT^>^^ 
541 aOTATATTOA AOTtCCAATT CACTTCOTAT COACAtCTAC 
*Ol OOTATGCTTC TOTAACCCCO ATTCACGTCA ACOn/tit#d OpOtM^ 
66% CCAATACAOT ACCAOCTACA OCTAPOTCAT TAQATAATCr ACAATWiiaT 

13. Hybrid DNA sequence HYr 2 accntai-ding t'o^'^^ 

1-5 characterized by an hypervariabliei region Jiaving ^ ^^^^^^c-1^ 
15 the following nucleotide sequence: ? 

LOCUS HY2 713BP UPDATED 5/23/89 , i 

ORIGIN IN VIVO RECOMBINANT HD-1/HD73 #2 

1 AATTCSCATt CCCTTTATTT OGOAATBCOfl B9AAttt»<te TtCACCCOTA CTTBTpTt?AT 
ht TAACTOOtTT 00G6ATTTTT AOAACATTAT CTTCteSTTT ATATAW^A f^^*^^^^^J^ 
121 BTTCAOeCCC AAATAATCAO BAACTBtTTO TEfett^T&O WcDWWtTT TC^litB^ 
lOI CCCTAACGAC CAACTTflCCT TOSlWTflfrAT ATAW^fc^AAO ^lACfi0rt BAttt^T^ 
241 ATOTAATACC OCCADROOAT AATAaTBTOC. CACCTAOqeA AdbA#rTftd^ 
301 OCCAXatTTC AATOtTTCOT TCAOaCttTA OTA ATAOTlkd' TOt AAOTATA ATAAOAOCtC^;^ 
341 CTATOTTCTC TtaOATACAT COTftOtdCTO AAtttAJl^i^A TATAAXTOCA Td&OAlP^T^ 
421 TTACTCAAAT CCCTOCAOTO AAOOOAAACT TtCTTTttiA taOTtC^bTA ATTTiCAO^^^ 
481 CAOOATTTAC TOOTOOddAC. TTAOTtltlMT TAAATAOTAd TdOA*JlTAA^ AtTCA^AA^^ 
54, OAOOOTATAT TdAAOTTCCA ATTCACTTCC CATCj&AG|ktC TACCAOATAr C 
60i TACOOTATOC TTCTOTAACC CCOATTCACC TCAJiCOTTAA T»qOd&TAAif Td^ 
661 TTTCCAATAC AOTACCAOCT ACAOCTACOT CATTAdATAA tCTACAATCA AOr ' 

14. Hybrid DNA sequence HY 127 aicdotding to 
Claims 1-5 characterized by an hypervariable region 
having the following nucleotide sequence: 

30 . >■ ■■''i-'-'y. 
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LOCUS HY127 713BP ENTERED 5/23/89 

ORIGIN IN VIVO RECOMBINANT HD-1/HD73 #127 

1 fMTTCeCATT CCCTTTATTT eOBAATeC88 BBAAT8CA8C TCCACCCOTA CTTBTCTCAT 
61 TAACT80TTT OGGGATTTTT AOAACATTAT CTTCACCTTT ATATA0AA8A ATTATACTTe 
121 BTTCAOBCCC AAATAATCAQ BAACTBTTTe TCCTTBATOa AACeGAOTTT TCTTTTeCCT 
^ lei CCCTAACOAC CAACTTeCCT TCCACTATAT ATAOACAAAO BOOTACAQTC BATTCACTAB 
241 ATBTAATACC BCCACAOBAT AATABTBTAC CACCTC8TBC BOBATTTABT CATCOATTAA 
301 OCCRTOTTTC AATOTTTCOT TCKOOCTTTA OTAATKOTAO TOTAKOTATA KTAKaAOCTC 
3*1 CTAT8TTCTC TTOOATACAT CaTAOTOCTO AATTTAATAA TATAATTOCA TCOOATAOTA 
421 TTACTCAAAT CCCTOCAOTa AAOQOAAACT TTCTTTTTAA TaOTTCTOTA ATTTCAOOAC 
4B1 CAOOATTTAC TaOTOaOOAC TTAOTTAOAT TAAATAQTAa TOaAAATAAC ATTCAOAATA 
941 QAOOOTATAT TOAAOTTCCA ATTCACTTCC CATCGACATC TACCAOATAT COAaTTCOTO 
10 <01 TACOOTATaC .TTCTOTAACC CCOATTCACC TCAACOTTAA TTaoaaTAAT TCATCCATTT 

66% TTTCCAATAC AOTACCAOCT ACAaCTACOT CATTAOATAA TCTACAATCA AOT 

15. Hybrid DNA sequence HY 126 according to 
Claims 1-5 characterized by an hypervariable region 
having the following nucleotide sequence: 
15 LOCUS HY126 707 BP ENTERED 5/22/89 



20 



25 



ORIGIN 


IN VIVO RECOMBINANT HD-l/HD 


73 #126 




1 


AATTCOCATT 


CCCTTTATTT 


OBBAATBCSa 


BBAATBCA8C 


TCCACCCOTA 


CTTBTCTCAT 


61 


TAACTBOTTT 


eoeoATTTTT 


AGAACATTAT 


CTTCACCTTT 


ATATABAAGA 


CCTTTTAATA 


121 


TAaOOATAAH 


TAATCAACAA 


CTATCTaiTC 


TTOACQOOAC 


AOAATTTOCr 


TATGGAACCT 


181 


CCTCAAATTT 


aCCATCCOCT 


OTATACAOAA 


AAAaCOOAAC 


OOTAOATTCO 


CTOGATGAAA 


241 


TACCOCCACA 


OAATAACAAC 


OTOCCACCTA 


OOCAAaOATT 


TAQTCATCOA 


TTAAGCCATO 


301 


TTTCAATOTT 


TCaTTCAOOC 


TTTAOTAATA 


aTAOTOTAAO 


TATAATAAOA 


aCTCCTATOT 


341 


TCTCTTOOAT 


ACATCOTAOT 


OCTOAATTTA 


ATAATATAAT 


TOCATCQQAT 


AGTATTACTC 


421 


AAATCCCTOC 


AQTOAAaOOA 


AACTTTCTTT 


TTAATaOTTC 


TaXAATTTCA 


GGACCAOGAT 


401 


TTAcraoToa 


OOACTTAOTT 


AOATTAAATA 


aTAOTOGAAA 


TAACATTCAO 


AATAGAGGOT 


541 


ATATTOAAaT 


TCCAATTCAC TTCCCATCOA 


CATCTACCAO 


ATATCOAOTT 


CGTQTACOaT 


60i 


ATOCTTCXaT 


AACCCCOATT 


CACCTCAACO 


TTAATTaOGO 


TAATTCATCC 


ATTTTTTCCA 


66i 


ATACAOTACC 


AQCTACAOCT 


ACGTCATTAa 


ATAATCTACA 


ATCAAGT 





16. Hybrid insecticidal crystal toxin protein 
encoded by the hybrid DNA sequences according to 
Claims 1-15. 

17. Hybrid insecticidal crystal toxin proteins 
having substantially the immunological properties of 
the hybrid insecticidal crystal toxin protein 
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according to Claim 16, * • V 

18. Muteins of the hybrid insecti^i^ldal ' <rir 
toxin prot ins according either to Claim 16 or Claim 
17 wherein said muteins have been pbtained by 

5 standardized genetic engineering techniques such as 

site-specific mutagenesis, random mutagenesis, ,,3ite- 

■ . W' ' ' ■' -^^^ 
specific glycosilation, and their activities; are 

reconducible to the insecticidal activities their 

parental hybrid insecticidal crystal toxin prbteins 

r * ■ ■ A ■ ■ ■ ■ ' ■ 

10 according to either Claim 16 or Claim 17V 

19. Plasmid vectdfs characterized in that they 
contain two genes coding for an insecticidal tpxin 
protein and having enough residual homQiogy; to be 
able to recombine in vivo > wherein said genS'k upon in 

15 vivo recombination produce the hybrid DNA sequences 
of Claims 1-15. - 

20. Plasmid vectors according to Claim 19 
further characterized in that the genes codifig for 
the insecticidal toxin protein are accociated and 

20 separated on said plasmid vectors by a DffA*^ fragment 
acting as an antibiotic resistance markbr. 

21. Plasmid vectors according td /Claim i.9 
wherein the genes coding for an insecticidal • toxin 
protein are Bacillus thurinqiensis genes cbdilhg for 

25 the Bacillus thurinqiensis crvstal toxin protein. 

22 . Plasmid vectors according to"^ Cllim 21 
wherein the Bacillus thurinqiensis genes ^'re . Biacilluis 
thurinqiensis variety kurstaki genes coding "fjjic^^^ "^^ 
Bacillus thurinqiensis varietv kurstaki crystal toxin 

30 prot in. f V : ' 

23. Plasmid vectors according to Claim 22 
wherein the Bacillus thurinqiensis variety kurstaki 
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genes have been derived from Bacillus thurinaienflic 
variety kurstaki HD-1 Dipel and from Bacillus 
thurinqiensis variety kurstaki hd 73, said genes 
coding both for crystal toxin protein. 
5 24. Plasmid vectors according to Claim 23 

wherein said plasmid vectors are pT173 and pGEM173. 

25. Plasmid vector characterized in that it 
contains a first gene coding for a first insecticidal 
toxin protein and a second gene coding for a second 

10 insecticidal toxin protein, having enough amology in 
order to be able to recombine in vivo , so that it 
produces hybrid DNA sequences coding for a third 
insecticidal toxin protein, wherein said" first gene 
is characteristic of the hypervariable region of a 

15 first' bacterial strain, while the said second gene is 
characteristic of the hypervariable region of a 
second bacterial strain substantially different from 
the said first strain. 

26. Vector according to claim 25 characterized 
20 in that said first bacterial strain and said second 

bacLorial strain belong to the same genera, 
preferably Bacillus type. 

27. Vector according to claim 26 characterized 
in that said first bacterial strain and said second 

25 bacterial strain belong to the same species, 
preferably Bacillus thurinaiens j s type. 

28. Vector according to claim 27 characterized 

in that said first bacterial strain and said second 

bacterial strain belong to the same subspecies, 

30 preferably of the Bacillus thurinaiena-i a kurstaki 
type. 

29. Plasmid expression vectors characterized in 
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that they have been obtained by tn Slvo; re«>„bi>,atio,. : % 
Of the two genes ocxJlng for an insectiolaal toxin " 
protein contained in pias.id vectors, according to C 
Claims 19 and 25 wherein said plasmid vectors ' ' 
5 Obtained by 1^ vjva recombination contain the hybrid ' 
DNS sequences of Claims 1-ls. / 

30. W^nid expression vectors bb'n'talBlng the 
hybrid DKA seauences according to ciai„s 1-15 under 
the control of expression regulatory ftthctions. : ; J! 
10 31. Piasmld expression vectors : according to 

Clal. 29 Wherein said expression regulatory functions 
include, but are not limited to. the'i*« system, the ^ 
Trp system, the major operator and promoter regions * 
Of Phage,.!, , the tac system, the ^ -li& system. 

32. Plasmid expression vectors c1>ntaihing" the ^ V 
hybrid DNA sequences according to ClaSj i-i^ wherein i S 

said Plasmid e'«>resslon vectors are uied to.trahsform 

plant cells. J ■ v 'v 

33. Plant cells transfonped by / :^^ia^„id ^ 

20 expression vectors according to Clain 29^ / i ' > ^ ' 

34. Transgenic. insect, reiistaixt planW - * 
containing the hybrid DNA seQuences according it6 ^ ■ ^ ^ 
Claims 1-15. '\ ' ^ 

35. Genetically engineered plant colonizing • 

25 microorganism containing . the hybrid DMa\ sequences 
according to Claim I-15. 

36. Host cells transformed by the! jiiasmii 
expression vectors according to Claim 29.' ' 

37. Host cells according to Claim 36 wherein 
30 said host cells are variou. strains "of Baci^ 

including sub^lls/ B^,thurinaj^n.H^^ 

Aqrobacterinm , baculoviruses / Rjksobijim : ' 
SUBS-f ITUTE Sj-f eIt ^ 
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38. Host cells according to Claim 36 wherein 
said host cells are Escherichia Coli host cells* 

39. Host cells according to Claim 38 wherein 
said host cells can be recombinant unproficient cells 

5 rec A". 

40. Escherichia coli host cells transformed 
with plasmid vector pT173. 

41. Escherichia coli host cells transformed with 
plasmid vector pGEM 173. 

10 42. A process for preparing the hybrid DNA 

sequences of Claims 1-15 by in vivo recombination of 
two or more genes coding for an insecticidal toxin 
protein and having enough residual homology to be 
able to recombine in vivo. 

15 43. A process according to Claim 42, wherein 

said genes coding for an insecticidal protein are 
Bacillus thurinqiensis genes coding for the Bacillus 
thurinqiensis crystal toxin protein. 

44. Pesticidal compositions and formulations 
20 containing the hybrid crystal toxin proteins of 

Claims 16 and 17 in combination with suitable 
eccipientSr . diluents, fillers, aggregant and the 
like. 

45. Use of the hybrid crystal toxin proteins of 
25 Claim 17 to control and to combat insect pest. 
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I 



Transformation of E.c.204recA'' 



I 



/ 



.3 




^^Plasmid DNA extra bt ion 

V Nrul digestion 

^Transformation of 
Ex.294 rec A" 



/ 



\ 



HD1-D/HD73 



Nrul 



Hrur 





Cm"Tet* transformants 



4 



No Cm'^ transformants 
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IIP 1 Dipel gene 
HO 73 gene 



LIHITS: 1521 
LlHITSi; 13B.3 



1521 
1383 
1579 
14A2: 
1638 
1499 
1698 
1559 
1758 
1616 

1818 
1676 
1872 
1736 
1932 
.1796 
1992 
1853 
2050 
1913 



6.15 



AATTCCCATtCGCTTTATTTCCCAATCC CfiC G 4ATCCACCTCCAC CCCTACTTOT, 

UN I II II IN III I « 

ATTCACTTTTCCCCTATATCCAACTAl 



CTC * 

ill iiiiimiiiiil II I I- ''h^ 

OGq A UATCCACCTCCAd AACAACCTATTCTTg 



ATTAACT CCTTTCCGGATTTTTACAACATTATCTTCAC CTTTATATACAAC/J ATTATA^T 

1 nil III III I I I mill II iiiiuiiiinil i i 

f^nAArTAnnTCAGCCCCTCTATACAACATTATCGtCCA lCTTTATATAGAACjil GCT T 



TTGGTTCACGCCCAAATAATCAGCAACTCTTTGTCClTCATOCAACGCACri'nC 

II I iH; liiiiiiii iMi I III mil 11 fi n III It-I ll 



I M ( ill 1 1 m III II 1 II I IN: m II II I II Mji.i;;J' 

GAACCT CCTCAAATTTCCCATCCCCTCTATACACAAAAACCCCAACCGTACATTGCC 

S • 2 . :■ ■■. 127 ^ 



TACATCllAATACCGGCACAC CATAATACl 51 ACCACCTCGTCCG CCATTtAC CCATCGAT 



mm Mini I 



1 1 11 I 



1 1 



III III 1 



I III I III 



I mi 

TG( 
21 



TcS&rCATGTTACAATGCTGAC CCAACC ACCTGGAGCAGTTTA CACCTTC AOAC 



rum I 

CAT 
32 




I III 



I III 



mil Miiiiiiiiiiiimiiiim I n 



AAATTACACAAATACtnTrAACAAAATCTACTAATCTTGCCTCTGCAACTTCTCTCGTO 

ttiii imi III I II 1 iHi Ml mm luv 

GTATTACTCAAATCCCTCCACTGAACCGAAAUn i Ul 1 1 TTAATCC TTCTGTAATTT 



C AGGACCAGCATTTAqrGGTGGCGACTTAGTTAGAmAATAGTAOTCGAAATAACATTg 



AACCTTAACAGTAAAT A TT ACTCCA CCAT TAfbACAAA<;ATATCGG& 

j , .| iM II I II I I 11 im m iiMim 1 

AGAATAGACGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGATATeGAC 



2097 
1973 
2155 
2031 
2214 
2090 



TAAGAATTCGCTACGCTTCTACTACAAATTTACAATTCCATACATCAATTCACGGAA 

I I I II II iimi II I II I HM I Mm I N 

TTGGTGTACGGTATGCTTCTGTAACCCCGATTCACCT 



CA ACCTtAATTCGGGTAATtC 



ACCtATTAATCAGGCTAATTTTTCAGCAAC TATGAGTAGTGCGACTAAtTTACACtCCC 

I I III I II I UN II I II I II im 11 ".Ha* 

ATCCATTTTTTCCAATACAGTACCAGCTACAGCTACCTCATTAGA TAATCTACAATCAA 

CA 
I 

6T 



Hatches s A56 
Length = 722 



Mismatches = 226 Unmatched = 40 
Hatches/length = 63.2 percent 
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200 



400 



eoo 



000 

I 



1000 
I 



I I 



Bill! I I* 



N079 



B 



HD1-D 
Hr7,3.4 

Hy32 
Hri27,21 
Hy2 
IIT5 

nr&, 53,64,1D7 



HYBRID PROTEINS PROH RECOMBINANT GENES 
m FAFPLFBNABNAAPPV^VSLTeL^IFRTLSSPLYRRIILBSGPNNDEU^^ 



• ^^-P*FH1-I-*— Q-S--«-^"ji3fOt'^ 



MY15 
HD73 



IID1-D 
Hy7,3,4 

11132- 

HY127,21 

11X2 

HYS 

HY126 



-~ QQRI-AQL-Q-VY— 

r - KCSSTTT Y CCSTRSGR V « 
-T— -Y-"m— -QC3RI--ADLH2-VY-- 



-T- P^l-I — -O-S- 



-AYBT 



m LTTNLPSTlYRQRSTVDSLDVIPRffiNSV^^ 



— : — ^- S-FR-GrSHS3*Sli— r^ifl 

^---^ Q---------S-FR-GFSNSS-Sn-r^)H 

-.^w-^ ~H-H -Q-— ^^-S-PR-GFSMSS-SII^-^II ■ 

^33 — •^j|v-*KS E N-H— — Q— - — ~ — S^PR-0FSHS3'-SII---H 



I! Y6. 63, 64, 107 -^SS HV— KS- 



11073 



-N-ff- 



-S-FR-^GFSNSS-Sl 1 •*-*^H 



<S2 



irDi*D 

!rY7:3;4 
\Y66,45 
1X32 

IY127,21 
1X2 
1X5 
tX126 

1X6, 63, 64,107 
1D73 



FSWQHRSAEfnmilPSSQITaiPLTKSTNLSSinBVVK^^ 

~~ — ^^-r•LV-LN'*S-*ifNlQ^^*G 

1^^-^-^-. *«A-D5 ~AV-GNFLFK-*~IS"~ — --^LV'-LnrB^mi^Q 

«..«|«....^. A*DS- •AV-GHFLFH-'^— -IS ---LV-LN-S-lt«lW^^ 

• — J — ^ A-ns-**^ — AV-GHFLFH-^~IS- — — tV-LH-S-^MNlt)H-0 

i *A*OS AV-GHFtFH-*--IS~"--^-*LV*LH-S-'lfNI<jJ<-0 

• — I jv-DS— nv-GMFLFN--^— IS^ — --^•-LV-LH-SrM»tQH-0 

1 ^ -^A-OS— •AV-OKFLPH-* — IS— ^ ^-LV-LN-S-WMIPM-O 

1 -------A-DS-----AV-OHPLFH-*^--IS~-~--^LV-LW*BrKNl«EMrO^ 

— 1 — . — ft-DS whemj=H-^ — 1 0 — LVHiih'B-^lixc^^ 



ID1 -D 513 NITAPIJBQRYm^^IRYASTTfAJDFHrel!}^ 5M 

1X7,3,4 T-BV-IHPPSTST-T-VRVRXASVTPIIILHVMIia-SSI-SrfTVPiitATS-DHW: 

1X66,45 T*EV-IHPPSTST-Y*VRVRTA8VtPIHLHVN¥0-SSI-SmfVI»JlTAT8*^^^ 

IY32 r-BV-XHf PSTSr-X-VRVRTASVTPIHLNVNM0*SSi-SHtl1'ATAT0-bHLq 

1X127,21 y-BV-IHFPSTST-t-VRVRXASVTPIIILHVHMG-SSI-SlltVt»ATAt8*D^^ 

1X2 Y»BV«IHPPSTST-Y*VRVRXA8VtPIHLNVNllO-88I*8HtirPATATS-DHL^^^ 

!T5 Y-BV-IHPPSTST*Y-VRVRTASVTPl«LHVHIId-SSI-8MtVl»ATAT0-DHt.Q' 

1X126 Y-EV-lHFPSTST-X*VRVRXA3VTPIHLHVNMa-SSI-SNTVPATATS-DNtQ 
1X6.53,64,107 X-BV-tMFPSTST^X-VRVRXASVTPlHLNVNHO-SSI-SritVPATAT 

1073 Y--EV-IHFf^T8T-YMmVRYAS^^PlHLNVNWB-SSr-S^rrVP 



/ 
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LOCOS HY45 707" BP EHtERBD S/ZS/B^"^ ; 

OniGiN IN VIVO RBCOHBINANTS HD-1/HD73 «45,«d > 

1 AATTCOCATT CCCTTTATTT BB8AATBCBQ eSAATBCAQC TCCACCCBTA CTTBTpTCAT 
61 TAACTBBTTT B8QBATTTTT A6AACATTAT tnTCATOriT ATATABAABA ATTATACTTB 
121 BTTCABBCCC AAATAATCAB BAACTBTTTB TCCTTQATPQ AACBBABTTT TCTpT^Cci; 
lai CCCTAACBAC CAACTTBCCT TCCACTATAT ATA8ACfW)AB eBBTAC/»TC BAinriAC^Af: 
241 ATBTAATACC BCCACABBAT AATABTBTAC CACCTCBTBC BBBATTtAfiC CAItS^TTQA 
301 BTCATBTTAC AATBCTBABC CAASCABCTB BABCA8TTTA CACCTTBABA BCtctA/^t 
361 I I lUi IBBAT ACATCGTAGT GCTOAAtTTA ATAATATAAT TSCATCaOAT AatATTACTCf 
421 AAATCCCtOC AOTaAAGOQA AACTTTCTTT TIAATOOTTC TOtAAtlTCA GGfliCCl^At 
4B1 TTACTGGTGG GOACtTAQTT AGATTAAATA GTAGTGGAAA TAACATTCAO AATA^OGGT 
541 ATATT6AAGT TCCAATTCAC TTCCCATCOA CATCtACCAQ ATATCGAOTT COTG^pabT 
601 ATGCTTCTGT AACCCCOATT CACCTCAACG TTAATTGaGG TAAttCAtCC ATtTttXCaCA 
661 ATACAGTACC AOCTACAGCT ACGTCATTAG ATAATCTACA ATCAAdT 



LOCUS Hr3 710 BP ENTERED 6/23/89 v 

OniGIH IN VIVO RBCOHBINANTS HD-1/HD73 «3^4. 7 

1 AATTCBCATT CCCTnATTT BBBAATBCBB BQAATBCABC TIXAI^ 
61 TAACTBBTTT BSBGATTTTT ABAACATTAT CTTCACCTTT ATATABAABA ATTATACTTB 
121 BTTCABBCCC i'iRAATAATCAB BAACTBTTTB TCCTTBATB3 AACBBABTTT TCTTrT^CCT 
IBl CCCTAACBAC CfiACTTBCCT TCCACTATAT ATABACAAAB eBBTACABTC BATTCACTAB 
241 ATBTAATACC bIcaCABBAT AATABTBTAC CACCTCBTBC BBBATTTABC CAT^BAfT]^ 
301 BTCATBTTAC AATBCTBABC CAASCABCTB BABCABTTTA CACCTTOABA BCTCCAACBT 
361 TTTCTTBBCA BE^TCBCABT BCTBAATTTA ATAATATAAT TCCTTCATCA CAAATT^t^ " 
421 AAATACCTTT AACAAMTCT ACTAATCTTB BCTCTBBAAC TTCTBTCSTT AAABBACP^ 
4B1 BATTTACTGG T6GGGACTTA GTTAGATTAA ATAGTAGTGG AAATAACATT CAGAATAGAd 
541 GGTATATTGA AGTTCCAATT CACTTCCCAT COACATCTAC CAGATATCOA OTTCi?TGTAC 
601 CGTATGCTTC TGTAftCCCCG ATTCACCTCA ACGTTAATTO GGGTAATTCA TCCATTfTT* 
661 CCAATACAOT ACCAGCTACA OCTACOTCAT TAGATAATCT ACAATiCAAOT ' K 



// 
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lOCVS H16 710 BP UPDATED 5/23/89 

ORIGIN IN VIVO RBCOHBINANT HD-1/HD73 

1 AATTCBCATT CCCTTTflTTT BBBAATBC8B BAAATGCAQC TCCACAACAA COTATTGTTa 
61 CTCAACTAOO TCAGGOCOTO TATAQAACAT TATCGTCCAC TTTATATAGA AGACCTTT^A 
121 ATATAQGGAT AAATAATCAA CAACTATCTO TTCTTGACOO GACAGAATTT GCTTATGGAA 
1B1 CCTCCTCAAA TTTGGCATCC GCTGTATACA GAAAAAGCOG AiACOaTAGAT TCOCTrOGATO 
241 AAATACC6CC ACAGAATAAC AACOTOCCAC CTAOqiCAAGa AtTTAOTCAt CGATtAAodq 
301 ATOTTTCAAT OTTTCOTTCA OQCTTTAGTA ATAOTAOTdT AAG7ATAATA AaAGCTCCTA 
361 TGTTCTCTTG GAtACATCGT AGTGCTGAAT TTAATAATAT AATtGI^TCO GATA^ATTA 
421 CTCAAATCCC TGCAOTGAAG GGAAACTTTC TTtTTAATGO TTCTGTAATT TCAGGACCAd 
401 GATTTACTGG TGGGOACTTA GTTAGATTAA ATAGTAGTGG AAATAACATT CAGAAtAOM 
541 OGTATATTGA AetTCCAATT CACTTCCCAT CGACATCTAC CAOATATCOA OTTCGtOTAC 
601 GGTATGCTTC TGTAACCCCO ATTCACCTCA ACOTTAATTG GGGTAATTCA tCCATTTTTT 
661 CCAATACAOT ACCAOCTACA GCTACOTCAT TAOATAATCT ACAAtCAAGT 



tocos HY53 710 BP UPDATED 5/22/89 

ORIOIH ' IN VIVO RECOMBINANTS HD-I/HD73 1153,64^107 

1 AATTCBCATT CCCTTTATTT eSBAATBCBB BBflATBCABC TCCACAACAA CGTATiqTia 
6\ CTCAACTAGG TCAOOOCOTG TATAOAACAT TATCGTCCAC TTTATATAGA AGACCTTTTA 
121 ATATA6GGAT AAATAATCAA CAACTATCTO TTCTTGACQO OACAGAAttT GCTT^TGGAft 
181 CCTCCTCAAA TTTGCCATCC GCTGTATACA GAAAAAGCGO AACGOTAOAT TCOCTGOATqt- 
241 AAATACCGCC ACAGAATAAC AACGTGCCAC CTAGGCAAGO ATTTAGTCAT CGATTAAC^i? 
301 ATOTTTCAAT GTTTCOTTCA OOCTTTAGTA ATAOTAOTGT AAOTATAATA AGAGOTCCT& 
361 TGTTCTCTTG GATACATCGT AGTGCTGAAT TTAATAATAT AATTOCATCG GATAGTATT;^ 
421 CTCAAATCCC TGCAOTGAAG GGAAACTTTC TTTTTAATGO TTCTOTAATT, TCAO^ACciq- 
481 GATTTACTGG TGGGOACTTA GTTAGATTAA ATAGTACTGO AAATAACATT CAGM^AGftP 
541 OGTATATTGA AGTTCCAATT CACTTCCCAT CGACATCTAC CAGATATCGA GTTCdTqTAC . 
601 GGTATGCTTC TGTAACCCCO ATTCACCTCA ACGTTAATTO OGGTAATTCA TCCATT^TT^ 
661 CCAATACAOT ACCAGCTACA GCTACOTCAT TAOATAATCT ACAATCAAOT 
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LOCUS HY21 713 BP ENTERED 5/23/89 

ORIGIN IK VIVO RBCOnBINANT HD-t/HD73 •>21 

1 AATTCBCATT CCCTTTATTT BSBAATGCBO eOAATOCAOC TCCACCCBTA CTTBT£iTCAT 
61 TAACTOQTTT eSBSATTTTT ABAACATTAT CTTCACCTTT ATATAOAAGA ATTATACTTe 
121 BTTCABBCCC AAATAATCAO BAACTBTTTB TCCTTBAT6B AACBBABTTT TC I I i lU Cpt 
IBl CCCTAACBAC CAACTTBCCT TCCACTATAT ATABACAAAB BBBTACABTC GATTCACT^ 
241 ATBTAATACC BCCACABBAT AATABTQTAC CACCTCBTBC BBBATTTABC CATpBATTOA 
301 BCCATGTTTC AATGTTTCGT TCAQGCTTTA GTAATAGTAG TGTAAGTATA ATAAOAGCTC 
361 CTATGTTCTC TTGGATACAT COTAGTGCTG AATTTAATAA TATAATTQCA TCGGATAGtA 
421 TTACTCAAAT CCCTGCAGTO AAOGGAAACT TTCTTTTTAA TG6TTCTQTA ATTTCAGGAC 
481 CAGGATTTAC TOQTGGOQAC TTAGTTAGAT TAAATAGTAO TGGAAATAAC ATTCAGAATA 
641 GAGGGTATAT TGAAGTTCCA ATTCACTTCC CATCGACATC TACCAGATAT COAOTTCGTO 
601 TACGGTATGC TTCTGTAACC CCGATTCACC TCAACGTTAA TTOGGOTAAT TCATCCATTT 
661 TTTCCAATAC AQTACCACCT ACAGCTAC6T CATTA6ATAA TCTACAATCA ACT 



LOCUS HY32 707 BP EHTERED 5/23/89 

PRIGIM IN VIVO RECOnBINANT HD-1/HD73 1132 

1 AATTCBCATT CCCTTTATTT 6BBAATBC6B BBAATeCAGC TCCACCCBTA CTTBTCTqAT 
61 TAACTBBTTT BGBGAI 1 1 1 1 ABAACATTAT CTTCACCTTT ATATABAABA ATTATJP^piTaJ-; 
121 BTTCABBCCC AAATAATCAB BAACTOTTTB TCCTT0AT08 AACBBABTTT TCtll IBCCT 
181 CCCTAACBAC CAACTTBCCT TCCACTATAT ATABACAAAB BBBTACABTC SATTCM:TAB V 
241 ATBTAATACC BCCACABBAT AATABTQTAC CACCTCBTBC BBBATTTABC CATCBATTQe 
301 BTCATBTTAC AATBCTBASC CAA8CABCTB BABCABTTTA CA^CTTBABA BCTCCTATGT 
361 TCTCTTGGAT ACATCOTAGT GCTGAATTTA ATAATATAAT TOCATCGGAT AGT ATTACTC ' 
421 AAATCCCTGC AGTGAAGGGA AACTTTCTTT TTAATGGTTC TGTAATTTCA GOAC(:AGOAT 
481 TTACTGGTGG GGACTTAOTT AGATTAAATA GTAGTGGAAA TAACATTCAG AATA6^0QGT 
.541 ATATTGAAGT TCCAATTCAC TTCCCATCGA CATCTACCAG ATATCGAGTT CGTciACGGT 
601 ATGCTTCTGT AACCCCGATT CACCTCAACG TTAATTGGGG TAATTCATCC ATTTTTTCCA 
661 ATACAGTACC AGCtACAGCT ACGTCATTAG ATAATCTACA ATCAAGT 



7^1 q. 6 c 
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WCWS Myi26 707 BP • BNTBRBO 8/22/89 

ORIGIN IM VIVO RBCOneiHANT HO-1/HD73 «12« 

1 AATTC8CATT CCCTTTATTT BBBAATSCBB BBAATOCAeC TCCACCCBTA CTTBTC^f^T 
61 TAACTB8TTT BBSaATTTTT flBAACATTAT CTTCACCTTT ATATABAA8A CCTTTTMTit 
121 TAGGGATAAA TAATCAACAA CTATCTGTTC TTOACGGGAC AGAATTTGCT TATOOAACqT 
181 CCTCAAATTT GCCATCCGCT GTATACAGAA AAAGCGGAAC GGTAGATTCO CTOOA^iAA 
241 TACCOCCACA GAATAACAAC OTOCCACCTA GGCAAGOATT TAOTeATCOA TTAA06^A|0- 
301 TTTCAATGTT TCGTTCAGOC TTTAOTAATA OTAGTGTAAG TATAATAAGA OCTCq^w ' 
361 TCTCTTGOAT ACAfCOTAOT GCTOAATTTA ATAATATAAT TOCATCOOAr AOTATT^CTC 
421 AAATCCCTGC AGTOAAaOQA AACTTTCTTT TtAATGGTTC TOTAATTTCA GOACCAOOA:^/ 
48 1 TTACTGGTGO OGACTTAOTT AGATTAAATA GTAGTOGAAA TAACATTCAO MTAOAOOg^ 
541 ATATTOAAGT TCCAATTCAC TTCCCATCGA CATCTACCAG ATATCQAGTT COTq^^CGaf • 
60 i ATOCTTCTOT AACCCCOATT CACCTCAACQ TTAATTOOOG TAATTCATCC kxTTTTtCIEft 
661 ATACAGTACC AGCTACAGCT ACGTCATTAO ATAATCTACA ATCAAOT 



^^^^ 713 BP EHTBRBD 8/22/89 

ORIGIN IN VIVO RBCOHBINANT H01/H073 «5 /' 

1 AATTCBCATT CCCTTTATTT 6BBAAT6CBB BBAATBCA8C TCCACCCBTA CTTBTCTCAX; 
61 TAACTBBTTT BBBBATTTTT ABAACATTAT CTTCACCTTT ATATrtBAABA ATJAJAOTTB 
121 BTTCAQBCCC AAATAATCAB BAACTBTTT8 TCCTTBATSB AACQBABTTr m i l I l 
101 CCCTAACBAC CAACTTSCCT TCCACTATAT ATA8ACAAAB 8BBTACABTC BATTCAqTAB* 
241 AT6TAATACC BCCACABAAT AACAACGTGC CACCTAGGCA AOGATTTAGT CATCOATTAA 
301 GCCATGTTTC AATOTTTCOT TCAGOCTTTA OTAATAOTAO TOTA^AOTATA ATAAOAGqip 
361 CTATGTTCTC TTGOATACAT CGTAGTGCTG AATTTAATAA TATAATTGCA TCGGATAGTA 
421 TTACTCAAAT CCCTGCAGTG AAGGOAAACT TTCTTTTTAA TGGTTCTOTA ATTTCAOGftC 
481 CAGGATTTAC TGGTGBGOAC TTAOTTAGAT TAAATAGTAG TGOAAATAAC ATTCAGAA^ 
541 GAGGGTATAT TGAAGTTCCA ATTCACTTCC CAICGACATC TACCAOATAT CQHO^JQ^ff 
601 TACGGTATGC TTCTGTAACC CCGATTCACC TCAACOTTAA TTOOBBTAAT TCATCCA^TT 
661 TTTCCAATAC AGTACCAOCT ACAGCTACGT CATTAGATAA TCTACAATCA AGT 



// 
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LOCaS HY2 713 BP UPDATED 6/23/09 

ORIQIN IH VIVO RECOMBIHANT HD-1/HD73 112 

1 AATTCBCATT CCCTTTATTt BBBAATBCBB BBAATBCABC TCCACCCBTA CTtOTCTpAT 
41 TAACTBBTTT 8G88ATTTTT ABAACATTAT CTTCACCTTT AWABAA8A ATtATl^nTB 
121 BTTCIABBCCC AAATAAtCAB BAACTBTTTB TCCTTBATOB AACBBABTTT T UI I I lO GCT 
181 CCCTAACBAC CAACTTBCCT TCCACTATAT ATABACAAA8 GBQTACABTO BATTCA|^TA8 
241 ATBTAATACC BCCACABBAT AATABTBTOC CACCTAQOCA AGOATTTAOT CATC(SfATTAA 
3D1 GCCATOTTTC AATGTTTCaT TCAOOCTTTA GTAATAOTAO TOTAAGTATA ATAAd^^^GCTC 
361 CTATGTTCTC TTGGATACAT CGTAOTGCTO AATTTAATAA TATAATTGCA TCdOAtAQtA 
421 TTACTCAAAT CCCTGCAOTO AAGGGAAACT TTCTTTTTAA TGOTTCTGTA AtT'f^lGG^C 
4B1 CAGGATTTAC TGGTGGGGAC TTAGTTAGAT TAAATAGTAG TGGAAATAAC ATTCAGAAfll: 
641 OAGOOTATAT TOAAGTTCCA ATTCACTTCC CATCGACATC TACCAOATAT CGriGTTC^S^ 
601 TACGGTATGC TTCTGTAACC CCGATTCACC TCAACGTTAA TTOGGQTAAT TCATCqAttt 
661 TTTCCAATAC AGTACCAGCT ACAGCTACGT CATTAGATAA TGTACAATCA AGT - 

7 ■* ■ . ■ ; ' ■ - ■ ' \ 

LOCUS HY127 713 BP BNtERED 6/23/95^^ 

ORIGIN IH VIVO RBCOHBINANT HD-1/HD73 It127 

1 AATTCBCATT IXCtTTATTT BBBAATBCBB 6BAAT6CABC TCCACCCBTA Ct1#^ 
61 TAACTBBTTT BSGBA IIIN ABAACATTAT CTTCiRCCTTT ATATABMbA ATTAT^^ 
121 BTTCABBCCC AAATAATCAB BAACTBTTTB TCtrTTBATBB AACBBABTTT Tl!l 1 1 j 
IBl CCCTAACBAC CAACTTBCCT TCCACTATAT AtIaBACAAAB BBBTACAGTC BAtTCACTAS 
241 ATBTAATACC BCCACABBAT AATABTBTAC CACCtCBtGC BB6ATTTABT CATCGATT/U^ 
301 GCCATGTTTC AATGTTTCGT TCAGOCTTTA GTAATAGTAG TGTAAGTATA ATAA^AGbtC 
361 CTATGTTCTC TTGGATACAT CGTAGTGCTG AATTTAATAA tAtAATTGCA TCGtfi^TAqTA 
421 TTACTCAAAT CCCTGCAOTO AAGGGAAACT TTCTTTTTAA T^^ ATttCAQpAC 
4B1 CAGGATTTAC TGGTGGGGAC TTAGTTAGAT TAAATAGTAG TGOAAATAAC ATTCAGAATA 
541 OAGGGTATAT TGAAGTTCCA ATTCACTTCC CATCGACATC TACCAOATAT CGApTTCGTO 
601 TACGGTATGC TTCTGTAACC CCGATTCACC TCAACGTTAA TTdGGOTAAT TCAtCCATTt' 
66 1 TTTCCAATAC AGTACCAGCT ACAGCTACGT CATTAGATAA TCTACAATCA AGT 
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